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Abstract 
 
This thesis proposed solutions to some shortcomings to current eLearning architectures. The 
proposed DeLC architecture supports context-aware and adaptable provision of eLearning 
services and electronic content. The architecture is fully distributed and integrates service-
oriented development with agent technology. Central to this architecture is that a node is our 
unit of computation (known as eLearning node) which can have purely service-oriented 
architecture, agent-oriented architecture or mixed architecture. Three eLeaerning Nodes have 
been implemented in order to demonstrate the vitality of the DeLC concept. The Mobile 
eLearning Node uses a three-level communication network, called InfoStations network, 
supporting mobile service provision. The services, displayed on this node, are to be aware of 
its context, gather required learning material and adapted to the learner request. This is 
supported trough a multi-layered hybrid (service- and agent-oriented) architecture whose 
kernel is implemented as middleware. For testing of the middleware a simulation environment 
has been developed. In addition, the DeLC development approach is proposed. The second 
eLearning node has been implemented as Education Portal. The architecture of this node is 
poorly service-oriented and it adopts a client-server architecture. In the education portal, there 
are incorporated education services and system services, called engines. The electronic 
content is kept in Digital Libraries. Furthermore, in order to facilitate content creators in 
DeLC, the environment Selbo2 was developed. The environment allows for creating new 
content, editing available content, as well as generating educational units out of preexisting 
standardized elements. In the last two years, the portal is used in actual education at the 
Faculty of Mathematics and Informatics, University of Plovdiv. The third eLearning node, 
known as Agent Village, exhibits a purely agent-oriented architecture. The purpose of this 
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node is to provide intelligent assistance to the services deployed on the Education Pportal. 
Currently, two kinds of assistants are implemented in the node - eTesting Assistants and 
Refactoring eLearning Environment (ReLE). A more complex architecture, known as 
Education Cluster, is presented in this thesis as well. The Education Cluster incorporates two 
eLearning nodes, namely the Education Portal and the Agent Village. eLearning services and 
intelligent agents interact in the cluster.  
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Chapter 1   
 
Introduction 
 
Objectives: 
 To motivate the need for new generation eLearning systems. 
 To identify the thesis scope and the research question. 
 To present the research metrology. 
 To highlight the original contribution of the thesis. 
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With the advent of the Internet and the continual advances in electronic devices, eLearning 
mode of education and learning has emerged as a vital alternative to the traditional face-to-
face mode of education. This is in addition to various forces that helped to increase in their 
popularity and uptake. These forces include economic volatility which has forced learner to 
improve their education prospect with the hope to improve their social and standard of living. 
Furthermore, there are cultural social constraints which necessitate the need for establishing a 
mode of learning that could be utilised at any-time, any-place and using any device. 
One of the major challenges facing eLearning is finding new architectural solutions that 
allow providing of education services and teaching material in a more personalized and 
adaptable way. 
1.1 Motivation 
Many eLearning systems have been proposed in the last years.  Most of them take care mainly 
of electronic presentation of the teaching material. The student doesn’t stay in the focus of 
considerations. However there are three dimensions that play crucial role in the next 
generation of eLearning systems. These are:  
 Advances in technologies: technological advances is continually improving at an 
alarming rate - from mainframes to PCs (including laptops and palmtops), from 
handheld devices (PDs, iPads) to smart mobile phones. Also technological advances in 
telecommunication has revolutionized the way these devices are connecting and 
communicating together – forming wired networks to wireless networks and ad-hoc 
networks. 
These advances provide an interesting and challenging dimension for the current 
eLearning systems, algorithms, architectures and correctness. 
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 Economic down-turn: Current economics is certainly volatile. This necessities the 
needs to further educate population while still at work.  
 Culture and religion constrains: Culture and religion dimension plays a crucial role 
for motivating eLearning mode of education. In some cultures such as the Muslims 
culture, it is nearly impossible for females to leave their homes to attend traditional 
face-to-face education. In addition, in other cultures and due to biological constraint 
female learners do not have the time for traditional education, as they are primarily 
responsible for bringing up families. 
Taking this consideration into account, fundamental requirement of the next generation of 
eLearning systems is that they have to be highly personalized, adaptable, and intelligent. 
Indeed, this conforms with our philosophy of learning any-where, any-time and device- and 
context-independent. 
1.2 Thesis Scope and Research Question 
The work in this thesis focuses on the following issues: 
 eLearning systems: This research is based on critically analyzing the state-of-the-art 
in the field of eLearning. Alluding to some shortcomings of the existing systems and 
in the light of modern teaching requirements, we take the view that the new generation 
of eLearning systems are follows: 
­ Student is a central point of a successful and effective education process. 
­ Encourage the student for active collaboration in the education process. 
­ Minimize the unfavorable effects of the dependences caused by factors such as 
time, distance, various type of user devices. 
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 Software architectures: We believe that an appropriate system architecture is an 
important factor for creating personalized, adaptable and intelligent eLearning 
systems. The research considers the lack of good architectural support in many cases. 
However, this research investigates the challenges regarding the successful 
architectural support. The use of hybrid multi-level architectures, especially an 
integration of service- and agent-oriented, is stated and demonstrated. 
 Context-awareness and adaptability: Our research focuses on the notion of context-
awareness and adaptability. We take the view that, personalized and intelligent 
eLearning systems could be successfully implemented by means of context-aware and 
adaptive architectures. 
In conformity with motivation and scope, the following main research question can be 
formulated:  
How can context-aware and adaptable architecture be used in the development of 
personalized, adaptable and intelligent eLearning systems? 
In order to cope with complexity of this research programme, a number of research sub-
questions have been identified.  These sub-goals can be summarized as follows: 
 Identify the correct nature of context. 
 Establish a unified methodology to link between service-oriented architectural 
framework with agent-based computing. 
 Identify the anatomy of adaptability. To this extend a taxonomy of adaptation and 
mobility need to be established. 
 Realisation of such a taxonomy within the established architecture. 
 Design and perform a number of experiments to demonstrate our approach.  
31 
 
1.3 Research Methodology 
Our methodology follows a typical software Engineering steps. These are: 
 Critical engagement with the literature appeared in the learned Journals and 
Conferences. 
 Identify the need and the articulate our generic research question. 
 Employ a traditional technique for handling complexity by decomposing our research 
question into a number and tangible research sub-questions. 
 Design a complete computational model within which these questions can be 
investigated and explored. 
 Design and architecture that satisfies/implement this model. 
 Build a prototype to realise our architecture. In doing so a number of important 
algorithms may need to be formulated. 
 Conduct a number of experimental tests to evaluate our model and results. 
 Conduct a number of comparative studies to demonstrate the advantages of our 
approach. 
1.4 Contribution to Knowledge 
We take the view that, the contribution to knowledge belongs mainly to the field of 
eLearning system and their supporting environment. In particular, the following 
contributions could be summarized: 
 Learner-oriented philosophy, in which the learner is at the heart of the system. 
 eLearning support systems must be mobile, adaptive, context-aware and highly 
personalised in an integrated fashion.  
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This is achieved by introducing (see below for details) 
 Distributed eLearning Center (DeLC) concept.  
 Three learning nodes with various architectural design; namely pure Service-
oriented, purely Agent-oriented and a Hybrid architecture. 
1.5 Measure of Success 
Establish a unified approach for integrating agent and Service technologies as applied within 
the eLearning Environment. Such a unified approach has indeed answered our research 
question.  
We have fully demonstrated that our approach is unique and has many advantages over 
current eLearning systems as seen in our motivation section above. 
In the thesis, we use the term prototype to mean a software system in its early stages of 
development. In our case, the environment was built to test the DeLC concept and 
architecture. In addition, some components of the environment are using in real education 
process. Prototyping serves to provide specifications for a future, real eLearning environment. 
My personal contribution to the entire eLearning systems, described in this thesis, is the 
creation of concept and the development approach, building of the models, the design of the 
architecture and implementation of selected components of the system.     
1.6 Thesis Structure 
The thesis is structured as follows: 
 Chapter 2.  In this chapter we fully give a detailed critical review of current 
educational system, software design methodologies, computerized (electronically 
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based) teaching systems and Internet-based systems. The results of this review has 
identified many limitations in the current educational systems and there underlined 
supporting systems. Current systems do not consider the learner as integral part of 
education process. In addition, in the face of any technological advances (which is at a 
rapid speed) systems failed. Furthermore, current systems provide no or limited level 
of personalization. As a result we have articulated a generic research question of 
which the subsequent chapters will provide an efficient answer. 
 Chapter 3. In this chapter we give an overview of an architecture for the next 
generation of eLearning environment and system. This architecture is known as 
Distributed eLearning Center (DeLC). DeLC enjoins the following properties: 
­ Fully distributed; 
­ Integrates service-oriented architectures with agent technology; 
­ Highly adaptable; 
­ “Context” is central to its realization; 
­ Provably correct; 
­ Compositional. 
Central to our architecture is that a node is our unit of computation (known as E-
Learning node) which can have a purely service-oriented architecture (known as 
Education Portal DeLC node), agent architecture (known as Agent Village) or a mixed 
architecture (known as Mobile eLearning node). Furthermore, a virtual more complex 
structure, known as Education Cluster, is an important component of DeLC.  
The architecture and its properties are described in full within 15 published papers of 
which two seminal papers are included and the rest (incl. in Bulgarian) are given as 
references. In the following chapters we detail this architecture and its novelty. 
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 Chapter 4. In this chapter we introduce the concept of Mobile eLearning Node 
(InfoStations). The Mobile eLearning Node has the following characteristics: 
­ Agility;  
­ Decision making; 
­ Efficient cooperation;  
­ Context-aware. 
The functionality of mobile eLearning Node is to be aware of its context, gather 
required learning material and adapted to the learner request. The design of such a 
node and its analysis have been published in 27 of which we include 5 papers.  
 Chapter 5. This chapter gives a detailed treatment of education portal DeLC. The 
architecture of this component is completely service-oriented and it adopts a client-
server architecture. It interfaces with end user and the rest of the system. Its 
functionalities include three major group of eLearning services, Planning and 
Organization, Education services and Reporting and Archiving.  
These services are supported by four runtime engines, Test Engine, Event Engine, 
SCORM 2004 Engine and User Profiling Engine. 
Full detail has been reported 7 papers of which 4 are included. 
 Chapter 6. This chapter deals with Education Cluster which integrates two nodes – 
Education Portal and Agent Village. Agent Village has the following characteristics: 
­ Completely agent-oriented architecture. 
­ Has three separate subagents and these are Evaluator (automatically evaluation 
of open assessments), FraudDetector (identify any possible frauds – acts as 
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forensic investigator) and Statistician (collate data and prepare statistical 
information). 
­ Together with education portal DeLC form a cluster, tightly coupled cluster  
such a cluster provides data hiding abstraction mechanism – this is seem to be 
an atomic transaction provider. 
­ Such a cluster should be noted that a cluster is created dynamically. 
­ Upon completion the cluster terminates and its constituency become singleton 
agents. 
These results are reported in 4 papers of which 2 are included.  
 Chapter 7. This chapter is the concluding chapter in which our findings are 
summarized and placed in the context of related work. 
It also provides a list of open search questions as means of future research. 
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Chapter 2   
 
eLearning Systems: State-of-the-Art 
 
Objectives: 
 To review the current state of eLearning systems in use. 
 To discuss the underpinning notions of e-Service Intelligence and e-Service 
Personalization. 
 To discuss briefly some trends in the usage of Digital libraries. 
 To present some previous results of the author in the field of mLearning. 
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2.1 Introduction 
In this chapter, a critical review of the state-of-the-art in the eLearning research area is 
presented. The existing eLearning systems and supporting technologies are in the focus of this 
review. Furthermore, some additional trends are discussed which make an impact on this 
research area. These trends are: 
 e-Service Intelligence. 
 Mobile Learning. 
 Digital Libraries.  
2.2 E-Service Intelligence 
In [1], the term “e-service intelligence” has been defined as: “… a new research field that 
deals with fundamental roles, social impacts and practical applications of various intelligent 
technologies on the Internet based e-service applications that are provided by e-government, 
e-business, e-commerce, e-market, e-finance, and e-learning systems …”. Objects of intensive 
research are topics of this field as intelligent techniques for e-services, e-service models, e-
service management, intelligent web, information presentation and searching in intelligent 
web, personalization of services, intelligent data mining, intelligent support systems for e-
services, e-service evaluation etc. Intelligent techniques and methodologies have already 
enjoyed considerable success in developing of e-services and they are used rather 
complementary and synergistic as competitive [2]. The most presented techniques refer to 
fuzzy logic [3,4,5], neural networks [6,7], evolutionary computation [8], machine learning [9], 
data mining [10], expert systems [11] etc. E-service personalization and e-service support 
systems are the most interesting aspects for the scope of this thesis.   
E-service personalization is defined as “ …the process of getting web users’ information 
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online, and using the information to tailoring web pages to individual users’ preferences and 
deliver services to the users’ needs” [1]. Additional aspect of service personalization, as for 
example improving the quality of users’ interactions with the services, are discussed in 
[12,13]. Results of research in the field of e-service personalization could be summarized in 
the following aspects [1]: 
 Profile based e-service personalization. 
 Link based  e-service personalization. 
 Content based e-service personalization. 
 Structure based e-service personalization. 
 Recommendation based e-service personalization. 
 As e-services become common, many Internet-based support systems have been developed 
to assist users to receive high quality services in different aspects of e-services. These systems 
mainly perform tasks of intermediation and communication between users and the web [14], 
and many of them are developed under an intelligent framework.  In the literature, different 
approaches for design and implementation of support systems are proposed. For example, 
fuzzy linguistic techniques and multi-agent systems are presented in [15, 16, 17]; e-
negotiation as a kind of e-service support systems [18, 19, 20]     
Another kind of e-service support systems is web-based eLearning systems; a detailed review 
of these systems is presented in the Section 2.3. 
2.3 eLearning Systems and Supporting Technologies 
Using the Internet to enhance eLearning has become a trend in modern higher education 
institutions. eLearning platforms are increasingly becoming a significant part of the strategy 
for delivering online and flexible training and education [21]. At present, an explosion is 
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occurring in the demand for eLearning platforms world-wide. The next generation of 
eLearning needs to provide greater dynamism and flexibility to support today’s increasingly 
personalized eLearning requirements [22, 23]. 
Over the past decade or so, there has been an increase in the interests and demands for 
methodologies  and technologies for an eLearning mode of education. eLearning has been 
defined as interactive learning in which the learning content is available online and provides 
automatic feedback and support to the learner’s learning activities and experiences. While 
recognising that the world at large will continue to use terminology in different and often 
ambiguous ways, the term Virtual Learning Environment (VLE) is used here to refer to the 
‘online’ interactions of various kinds that take place between learners and educators [24, 25, 
26, 27]. 
eLearning systems are multi-disciplinary systems requiring a group effort, where educators, 
administrators, and users from a variety of other areas of expertise (e.g. psychologists, 
sociologists, software and electronic engineers) come together in order to serve a community 
of learners [28, 29]. eLearning offers institutions a number of benefits, the most important of 
which is the anytime and anywhere access. In order for current and future generations of 
personalised VLEs to improve learning efficiency and effectiveness, there are essential 
requirements that have to be realised. In the last decade, a number of VLEs have been adopted 
and developed by various institutions [30, 26, 31]. Currently, there are more than 250 well 
known eLearning packages; some of them are Open Source Software (OSS) as illustrated in 
Table 13 [30, 32, 33]. Perhaps, the best known systems are Moodle, Ilias, Eduplone, 
Claroline, SAKAI, WebCT and Bscw. They have wide developer communities and present 
convincing arguments for considering open source as a realistic alternative to commercial 
products. One open-source project worthy of note, which has emerged to meet the growing 
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interest in open-source platforms, is Modular Object-Oriented Dynamic Learning 
Environment (Moodle) [26, 32, 33]. Moodle is designed around pedagogical principles, 
namely a social constructivist philosophy using the collaborative possibilities of the Internet 
[34]. 
2.3.1 Virtual Learning Environments 
With the advent of the Internet and the continual advances in communication technologies, a 
sharp rise in research and development to establish effective learning and teaching 
environments [35]. VLEs offer a number of benefits for institutions such as, [28, 32, 36], 
 The provision of the anytime, anywhere access philosophy. 
 Improved learner’s motivation. 
 Better integration of information and communication technology tools. 
 Opportunities for independent learning. 
 Increased parental engagement. 
In this section we will outline the benefits of general VLEs, the advantageous and limitation 
of current VLEs and the challenges that next generation of VLEs are facing. 
The production service of VLE systems are a form of eLearning software. They are a set of 
integrated learning tools designed to support a learner’s learning experience [23]. The 
principal tools of a VLE package contain online support for educators and learners, 
curriculum mapping, Internet links to outside curriculum resources, learners tracking, and 
electronic communication [30, 36]. They support a range of learning contexts, ranging from 
conventional, classroom implementation to off-line or online learning, and distance learning 
[36]. 
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VLEs are essentially restricted web services that provide various basic functions deemed 
valuable in the learning process. Usually, a number of tools and navigation aids are provided, 
with the aim of placing any online educational materials into a clear and well organized 
structure. The environment provides learners with easy access to online courseware, 
questionnaires, communication tools, course documents, and lecture notes [28, 27]. 
The Joint Information Systems Committee has defined VLEs, which seems to be the most 
widely accepted [32], as: ‘A VLE is an electronic system that can provide online interactions 
of various kinds that can take place between learners and tutors, including online learning’. 
In their early stages, VLE software packages were seen as primarily of interest to the area of 
eLearning but they are now seen as having a wide range of applications in traditional 
institutes. This view has been shaped by factors such as [27]: 
 The growing number of staff and students with access to the Internet. 
 Learning, teaching and quality issues. 
 The desire to make more effective use of IT infrastructure in institutions. 
 The needs and challenges of teaching more students in larger groups. 
This is echoed by [37], which has defined VLEs as follows: ‘VLEs  are  learning  
management  software  systems  that  synthesize  the  functionality  of  computer-mediated 
communications software (e-mail, bulletin boards, newsgroups etc.)  and on-line methods of 
delivering course materials (e.g. the WWW). To date, several different packages have 
appeared from both leading commercial vendors and university-based projects.  Other 
systems are currently under development’. 
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2.3.2 The Benefits of VLEs 
As with any technology used in teaching and learning, VLEs have no intrinsic educational 
value in themselves. The way in which online courses and activities are designed and 
delivered can add value and increase effectiveness.  The main reason why VLEs have become 
so popular and embedded in many institutions is that because there are actual and quantifiable 
benefits to be gained from the use of this technology.  Ever increasing student numbers is one 
obvious aspect of Higher Education where VLEs can help. They can maintain good 
communication and there are opportunities for automated assessment. In terms of widening 
participation, VLEs can support and offer resources to, for example, part-time or disabled 
students who cannot travel to the institute campus all the time. Below are some commonly 
perceived advantages and disadvantages of using VLEs. 
Advantages 
 There are many advantages of using VLEs for the learner and indeed for the 
institution. 
­ Tutors can use them to manage courses such as tracking student progress, 
making announcements, issuing timetable information, setting, receiving and 
marking assignments, creating multiple choice tests, and so on. 
­ They also offer huge advantages to the universities and their staff, as they 
allow them to upload files onto the system for everyone to access; this saves 
them having to attach documents to e-mails and then sending them to the class. 
 Both the educator and the learner can enjoy the privacy of their home environment. 
The Internet provides cheap and easy access to information sources of huge diversity. 
Interactivity is offered on a large scale and variety, and this technology even provides 
drills and exercises for basic skills. 
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 VLEs enable interaction between learners and instructors almost free of time and 
location constraints. 
 VLEs enable the benefits of integrating individual and group learning facilities, and 
Web services will offer this for VLE systems. 
 Easy online delivery of materials and easy to use for learners and educators. 
 Offers flexible support for educators who do not need to be in a fixed time or place to 
support and communicate with learners. 
 Has the potential for new ways of learning and teaching such as active and 
independent learning, which make use of online communication, online assessment 
and collaborative learning. 
 Makes education available to the wider population. 
 VLEs are used for a whole host of things that both educators and learners need: 
­ Manage studying by using the online calendar. 
­ Learners can submit their work and know when the deadline is. 
­ If learners miss a lecture, they can get the slides on the VLE. 
­ Contact important people such as admin, lecturers, instructor, etc. 
Limitations 
Although VLEs offer many advantages for educators, learners and institutes, they also have 
some limitations, and we will mention some of them as follows: 
 Both educators and learners need training in order to be able to use a VLE. As with 
every new technology, it takes some time to learn and gain confidence. 
 VLEs can be a dumping ground for material not designed for delivery online. 
 Copyright, legislation and accessibility of materials need to be considered. 
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 Online support must be carefully planned and learning materials can become outdated. 
 VLEs are expected to become more sophisticated and this requires more staffs. 
 Hundreds of articles, long lists of links, and high-resolution pictures and videos all 
delay accessibility and lower satisfaction levels. 
2.3.3 The Challenges of VLEs 
The majority of VLEs face some challenges and they are still limited to the dissemination of 
teaching materials. Neither have the strengths of the Internet been fully exploited nor have 
their functions been fully utilized; for instance, supporting autonomous, exploratory, 
interactive, personalized and collaborative learning.  Nevertheless, many developers have 
attempted to use the emerging computer and communication technologies to create effective 
learning and teaching environments [35]. 
The next generation of VLEs could address the limitations of the current online systems by 
providing a richer social context for online learning [38]. Existing eLearning systems have 
failed to provide support for the deeper interaction and collaboration necessary to realise a 
community based learner-centred pedagogy. These current systems have also failed to fully 
benefit from the powerful graphics and simulation capabilities of modern computers. Current 
eLearning systems are designed primarily as centralized server architectures and have 
scalability problems that limit their use for large-scale cross-institution collaboration [39, 38]. 
Another challenge that faces VLEs is to identify and maximise the pedagogical possibilities 
that distinguish it from traditional classroom learning. This is the challenge of using VLEs for 
highly productive eLearning and avoiding the temptation of merely replicating the traditional 
classroom, and instead, of focusing on realising the teaching and learning experiences that 
VLEs invite and make possible. Like distance learning itself, VLEs are neither a substitute for 
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nor a complete departure from the traditional classroom, but a compelling extension and 
development of that architecture and its pedagogies. 
As in [40], VLEs try to capitalise on two existing active areas of development. The first is an 
SMS text messaging extension, which is used to support personalised messaging. The second 
is a Bluetooth-based communications service, named BlueZone, which is used to complement 
SMS text messaging in order to present an alternative communications platform to learners. 
The combination of these technologies supports a unified and charge- effective delivery 
mechanism for communicating with university learners on a large scale. 
VLEs should not be designed in a vacuum rather they should match learners’ needs and 
desires as closely as possible, and be adaptable during course progression. Therefore, as in 
[37, 40], there are a number of challenges within higher education that VLE developers 
should consider: 
 Increasing student numbers. 
 Automated assessment. 
 Widening participation. 
 Improved access to limited resources. 
With enormous quantities of diverse learning materials, educators and learners still feel that 
retrieving and integrating educationally relevant learning materials in VLEs is a challenging 
assignment. Two significant matters that are often raised are how to increase the degree of 
relevancy among retrieved learning materials and how to deal with the heterogeneity of 
varying data sources [28]. Another important technical challenge is the fusion of these 
varying data/media items so that the resulting fused media will have the right educational and 
training impact. Such fusion has to be done when it is needed and at runtime. 
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2.3.4 The Architecture of VLEs 
There is no consistent stranded architecture for VLE systems. All the available architectures 
depend on the kind of VLE product and the institution’s requirements. Therefore, there are no 
particularly significant differences between them and every product has similar tools, and 
activities. The differences lie in the institution’s requirements and some integrate one or more 
VLE product with each other. 
Whilst an initial investment of time is needed to establish and configure VLEs, the 
implementation of the system should reduce administrative workload and free up educators’ 
time for teaching. Table 1 displays some functional and non-functional requirements of VLEs 
[27]. 
In this section, we will discuss two VLE architectures as examples used by some institutions. 
As shown in Figure 1, VLEs act as a gateway to online learning, to support features, and to 
technical specifications tools, and these are shown below. The diagram is based on the one 
circulated widely in Autumn 1999 by BECTa, and its main purpose is to position VLE as a 
sub-system within the range of information systems and processes that a college’s eLearning 
environment includes. 
As in [39], the aim is to build particularly multi-user VLEs using the understanding gained 
from prior efforts in distributed information systems. Users experience a direct view of a 
locale within much larger and contiguous VLEs, as in Figure 2. 
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Table 1: Functional and Non-Functional Requirements of Virtual Learning Environments [78] 
 
 
Figure 1: VLE as a Sub-System within the eLearning Environment [78] 
Users are able to move in a continuous environment from one position to the next. The VLE 
functions as hyper-links to web pages and other Internet-deliverable services that can be 
viewed via the client embedded in a Croquet frame. Authenticated Users would be able to see 
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and interact with each other while their client caches data about a locale and renders the scene 
in real-time. 
 
 
Figure 2: User-experience Architecture [76] 
Interactivity servers are fundamentally long-lived Croquet clients, and admit connections 
from all clients for a VLE position to maintain transient or non-cacheable objects. Since the 
Interactivity server goes back up the list of users in their positions to new visitors, it has been 
accepted as the norm for authenticating a user’s identity and supporting gathering credentials. 
The Worldbase servers distribute digitally signed, cacheable, authoritative data objects 
describing long-term persistent aspects of any position within the VLE, and a network locater 
for each position’s Interactivity server. 
2.3.5 Features and Tools of VLEs 
This section gives the main features and components of VLEs and provides a set of guidelines 
for the purpose of conducting a meaningful comparative study of current VLEs systems and 
also for evaluating forthcoming systems. 
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VLEs enable educators to build resources fast and without the need to develop technical 
skills. They provide an integrated set of Internet tools, which allow the fast upload of 
materials and offer a consistent look and feel that can be customised by the user. VLE tools 
are criteria-based, and they enable developers to evaluate and select the most suitable VLE 
product.  No single product can possibly meet all these criteria, and the most suitable within a 
specific context may not be perfect for interface, technical, functional, or cost reasons. Table 
2 describes the tools and features that should be considered if a VLE is to facilitate a complete 
learning and teaching experience [41, 35, 37, 42, 43]. 
Table 2: Main Features and Tools of VLEs [78] 
 
2.3.5.1  Communication Tools 
Communication tools are channels through which learners can make contact with each other 
and also with their educators. They make the VLE platforms work as one environment, and 
this facilitates connections between users. These tools have many options so that learners and 
educators can maintain their connections with each other anytime and anywhere, in an easy-
to-use manner and without any cost. Examples of these tools are: 
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 Discussion Forums: Users can post their requests in these tools and discuss them with 
others.  These are online tools that capture the exchanges of messages on a 24 hour 
basis. They are organised into categories, so that the messages and their responses are 
grouped together. 
 File Exchange: This allows learners to upload, download and post Internet files, and 
share these files with instructors or other learners in online courses. It enables users to 
exchange many kinds of format and media such as doc, pdf etc. 
 Internal Email: This is electronic mail that can be read and sent from inside online 
courses or otherwise external email of those on the course so that contacting course 
participants is facilitated. 
 Online Journal/Notes: This enables learners to make comments in a personal or 
private journal. Learners can share personal journal entries with their educator or other 
learners but cannot share private journal entries. 
 Chat: This tool is for conversation between users over the Internet and it involves 
exchanging messages. Some chat facilities allow the chats to be archived for later 
reference. 
 Video Services: These tools enable tutors to either stream video from within the 
system, or else enable video conferencing, either between tutors and students or 
between students. They include tools for broadcasting video to those without a video 
input device. Some video services provide for two-method or multi-approach video 
conferencing, which may be point-to-point connections or mediated through a main 
server. 
 Whiteboard: These tools include electronic versions of a dry-wipe board used by 
instructors and students in a virtual classroom and other synchronous services, such as 
application sharing, group browsing, and voice chat. 
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2.3.5.2  Productivity Tools 
 Bookmarks: They allow learners to easily return to important pages within their 
course or outside their course on the Internet. Systems vary in allowing learners to 
store their bookmarks in a course folder and also allow bookmarks to be annotated. 
 Orientation/Help: This is designed to help learners to learn how to use CMS. 
Typically, it is self-paced tutorials, user manuals, and email or telephone helpdesk 
support. It enables learners to make the best use of the software. 
 Searching within Course: This helps learners to find the most suitable course that 
meets their search or request based on key words. It allows learners to locate course 
materials on the basis of word matching that go beyond the user’s current browser 
page into other available courses. 
 Calendar/Progress Review:  This allows learners to document their plans for courses 
and associated activities. It allows learners to check their marks for activities and tests, 
as well as their overall progress through the course material.  This tool works as an 
alarm for learners to alert them to the day for doing predetermined activities. 
 Work Offline/Synchronize: This tool enables learners to work offline during their 
online course, and for their work to be coordinated and incorporated into the course 
the next time they log in. 
2.3.5.3 Learner Involvement Tools 
• Groupwork:  This organizes a class into groups and provides groupwork space that 
allows the teacher to assign specific tasks or projects. 
• Self-assessment: This tool enables learners to take practice or review tests online. It 
encourages learners to take responsibility for their own learning and to monitor their 
learning progress. 
• Learner Community Building: This enables learners to generate study groups, clubs, 
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and/or collaborative teams, and can encourage the growth of learner friendships and 
partnerships. 
• Learner Portfolios: This is an area where learners can showcase their work during a 
course, display their personal photos, and list demographic information. 
2.3.5.4 Administration Tools 
• Authentication:  This tool gives learners the appropriate username and password and 
enables them to access the software and courses. 
• Course Authorization: This is used to assign specific access privileges to course 
content and tools based on specific user roles. 
• Registration Integration: This is used to add and drop learners from an online 
course. Administrators are responsible for this tool, but learners also use it when self-
registration is available. 
• Hosted Services: These indicate that the product provider offers CMS on a server at 
their location. Therefore, institutions do not have to provide any hardware. An 
important aspect of these tools is that the product provider takes responsibility for all 
technical support and maintenance of the server. 
2.3.5.5 Course Delivery Tools 
• Course Management: This tool enables teachers to control the progression of an 
online class through the course material. It is also used to make specific resources for 
a course. 
• Instructor Helpdesk: This aids institute members in using the course management 
software.  It contains a telephone contact (with the helpdesk of the product provider), 
documentation, and instructions.  It also allows institute members to participate in 
online discussion forums with other institutes to share ideas and deepen knowledge. 
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• Online Grading Tools: These help teachers mark, provide feedback on learners’ 
work, and manage grade books.  They allow teachers to mark coursework online, store 
grades, and delegate the marking process to teaching assistants. 
2.3.5.6 Curriculum Design 
 Learner Tracking: This gives tutors the ability to track the usage of course materials 
by learners, and to perform additional analyses and reporting both of aggregate and 
individual usage. It contains statistical analyses of learner performance data and 
progress reports for individual learners on a course. 
 Automated Testing and Scoring: This enables educators to create, administer, and 
score objective tests. 
 Accessibility Compliance: This tool enables users with disabilities to access 
information online. 
 Curriculum Management: This supports learners with customized programs or 
activities based on pre- requisites, prior work, or results of testing. It contains tools to 
manage multiple programs, to do skills/- competencies management, and to do 
certification management. 
 Instructional Standards Compliance: This concerns how well a product conforms to 
standards for sharing instructional materials with other online learning systems and 
other factors that may affect the decision whether to switch from this product to 
another. 
 Instructional Design Tools: These help educators create learning sequences, such as 
with lesson templates or wizards. 
 Content Sharing/Reuse: This allows specific content created for one course to be 
conveniently shared with another tutor teaching a different course, perhaps even at a 
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different institution. 
2.3.5.7 Hardware/Software 
 Client Browser Required: This tool is the type and version number of the Web 
browser, such as Internet Explorer 3.0, Netscape 4.0, and works effectively with CMS. 
 Database Requirements: These are the technical specifications for the database 
management software, such as Oracle and SQL, required by CMS. 
 Server Software: Technical administrators use this to run the software on the server.  
It contains a diversity of software packages that support the infrastructure for CMS 
and allow technical administrators to effectively operate the server. 
 UNIX Server: This means that CMS runs on a server using some variant of the Unix 
operating system. 
 Windows Server: This means that CMS runs on a server that uses some version of the 
Microsoft Windows operating system. 
2.3.5.8 Pricing/Licensing 
 Institutional Profile: This tool contains public information about the company or 
organization which supports the course management software, such as founding date, 
owners, investors, location of the organization, number of employees, etc. 
 Costs: These contain three kinds of cost, which are start-up costs, ongoing costs and 
technical support costs. 
­ Start-up costs are the initial expenses involved in purchasing or using the software. 
­ Ongoing costs are the expenses for maintaining the software after the initial set-up, 
such as upgrades and new versions of the software. 
­ Technical support costs are the expenses of purchasing software assistance from 
the vendor. 
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 Open Source: This means the software is delivered with a source code and its license 
agreement gives the licensee the right to modify and redistribute the software. 
 Optional Extras:  These are features or extras added to the product that may or may 
not add to the cost. They are additional tools, products or services that are intended to 
work with the application. 
 Software Version: This is the release number of a specific version of the software. It 
means that there are two or more active versions of the same product. 
2.3.6 Comparative Study of VLE Products 
It is important to make a comparison study between VLE products to select the suitable one 
and test it with our approach and also to explore their strengths and limitations. This 
comparative study is in two phases.  The first phase is based on the features and capabilities 
of VLE tools, and the second is based on the technical aspects of the systems of VLEs. 
VLEs have many features and capabilities such as forums, content management, quizzes with 
different kinds of questions, and a number of activity modules. Moodle has an additional 
number of contributed modules, including SCORM WebQuest and the Document 
Management System [44]. In this section, we have selected ten VLE products, including 
Moodle, to make comparisons between them, and our first comparison is based on the 
features and capabilities of VLE tools. The EduTools website [45] lists more than 80 VLE 
products and has performed a comparison of 42 VLE features and capabilities, as in Table 3. 
Our comparison focuses on two kinds of products. The first is commercial e-learning systems 
and comprises Desire2Learn 8.1, ANGEL Learning 7.1, TeleTOP VLE, Blackboard (V6.2) 
and Scholar360.  The second is OSS and comprises LON-CAPA, Sakai 2.3, 
dotLRN/OpenACS, ATutor 1.5.4 and Moodle 1.8. The comparison has two answers, Y or N. 
Y means the product has the feature and N means the product does not. Table 3 displays 
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information about the ten VLE software packages used in the first comparison. VLE Tools are 
criteria-based products that enable developers to evaluate and select the best VLE product. No 
single VLE product can possibly meet all these criteria and may not be the best for interface, 
technical, functional, or cost reasons. These criteria are described in Table 4 [26]. 
Table 3: General Information about the Selected Products [78] 
 
We begin but a description of the criteria over which we base our comparative study. 
2.3.6.1 Criteria for Evaluating VLEs 
It is important to evaluate the existing VLE systems in order to select the most suitable one 
that meets the future needs (requirements and specifications) of an academic institution.  We 
outline four carefully selected criteria, which will be used as basis for our evaluation, as in 
Table 4 [27, 37]. 
2.3.6.2 Features and Capabilities 
VLEs as an e-learning system have many features and capabilities. For simplicity, we have 
divided these features and capabilities into three phases, which are Learner Tools, Support 
Tools and Technical Tools, as illustrated in Table 5 which lists the features and capabilities of 
VLE tools that we have used in our comparison. 
Learner Tools 
57 
 
This phase contains three kinds of tools: Communication Tools, Productivity Tools and 
Student Involvement Tools. Each Learner Tool has some features and capabilities as in Table 
5. As we can see in Table 6, the comparison between the VLE products is based on Learner 
Tools. Four products are shown to be the best with almost the maximum number of features - 
15 out of 16 features or capabilities of Learner Tools. These products are Moodle, 
Desire2Learn, ANGEL Learning Management Suite, and Sakai. 
The LON-CAPA and dotLRN/OpenACS products have the minimum features and 
capabilities of Learner Tools, missing 5 out of 16 Learner Tools. TeleTOP VLE and The 
Blackboard Learning System have missed 2 out of 16 Learner Tools. Overall the best OSSs 
are Moodle, which missed 1 out of 16 Learner Tools. 
Table 4: Criteria for Evaluating VLEs [78] 
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Table 5: Summaries of the Features and Capabilities of VLE tools [78] 
 
Table 6: The Comparison between Selected VLE Products based on Learner Tools [78] 
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Table 6 contains Learner Tools, which have many features and capabilities, and in order to 
understand what they mean, please refer to Chapter Three ‘Virtual Learning Environments as 
E-learning Systems’ where we explained them. We also list them in Table 5. 
Support Tools 
These tools contain three kinds of tools: Administration Tools, Course Delivery Tools, and 
Content Development Tools, and all of these tools have features and capabilities. 
As we can see in Table 7, this comparison between the VLE products is based on Support 
Tools. In this phase, all products have all features and capabilities except Scholar360, 
TeleTOP Virtual Learning Environment and The Blackboard Learning System (V.7). This 
means that Moodle and the other remaining products are strong on Support Tools. 
The Learner Tools in Table 7 have many features and capabilities, and to understand what 
they mean, please refer to the previous section. We have also listed them in Table 5. 
Technical Specifications Tools 
These tools contain two kinds of tools: Hardware/Software Tools and Pricing/Licensing; all 
kinds of Technical Specifications Tools have some features and capabilities, as in Table 8. 
The costs feature is different from other features because if the product has no cost, it means 
that product has an advantage and we will calculate it as Yes (Y). For example, in Table 8, 
Moodle has two N and we calculated N of cost as Y, so in the final score Moodle has missed 
just one feature. 
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Table 7: The Comparison between Selected VLE Products based on Support Tools [78] 
 
As we can see in Table 8, the comparison between the VLE products is based on Technical 
Specifications Tools. In this phase, the best product is ATutor 1.5.4, Moodle 1.8, Scholar360 
and The Blackboard Learning System, which missed only 1 out of the 8 Technical 
Specifications Tools.  The weakest product is LON-CAPA, which missed 5 out of the 8. 
The Technical Specifications in Table 8 have many features and capabilities, and to 
understand what these features and capabilities mean, please refer to Chapter Three ‘Virtual 
Learning Environments as E-learning Systems’. We have also listed them in Table 5. 
2.3.6.3 Summary of Comparison 
From Table 9, we can see the final result of the comparison between the ten VLE products. 
The best product is Moodle 1.8, which has missed just 2 out of 40 features and capabilities, 
and the second products are Desire2Learn 8.1, ANGEL Learning Management Suite (7.1) and 
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Sakai 2.3 equally, which have missed 3 out of the 40. Also, Moodle is the best of the OSS 
products. The weakest product is LON-CAPA, which has missed 10 out of the 40. 
We use the GraphPad Prism software to analyse, graph and present scientific data of VLE 
products because it is a powerful combination of basic biostatistics, curve fitting and scientific 
graphing in one comprehensive program. 
Table 8: The Comparison between Selected VLE Products based on Technical Specifications Tools [78] 
 
 
Table 9: The Final Result of the Comparison between Ten VLE Products [78] 
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It has been dedicated to creating software exclusively for the international scientific 
community. More than one hundred scientists in over one hundred countries rely on Prism to 
analyse, graph and present their scientific data. Since 1984, created by scientists for scientists, 
Prism’s intuitive programs have provided researchers worldwide with the tools they need to 
simplify data analysis, statistics and graphing [46]. Figure 3 shows the comparison between 
the ten products of VLE systems. The total features are 40 but no product has reached this 
number. In Figure 3, P1, P2 etc mean the VLE product as mentioned in Table 9 respectively. 
 
Figure 3:  The Total Features of the Ten VLE Products [78] 
 
As in Figure 3, the best VLE product is P10 (Moodle 1.8), which has 38 out of 40 features 
and capabilities, and the weakest is P1 (LON-CAPA), which has 30 out of the 40.  P10 
(Moodle) has 38 out of the 40 features and capabilities and is the number 1 out of the 10 VLE 
products. It is number 1 out of the OSS products, which itself has missed just 2 out of the 40 
features and capabilities. 
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2.3.6.4 Technical Aspects 
In this session, the comparison between the systems is based on technical categories. All VLE 
systems will be compared with the Moodle system as part of our study. We have selected four 
studies focusing on this kind of comparison. 
 First Study - Table 10 reveals that ATutor, while strong in features and usability, has 
serious architectural limitations, and although some features in ATutor warrant further 
investigation, it may be that candidates will opt for Moodle. ILIAS, while promising, has 
a complex architecture with tight coupling that is hard to work with and debug.  
Table 10: Comparison based on focusing on the technical aspects of the VLE systems [78] 
 
Moodle has a good architecture, implementation, inter-operability, and internationalization, 
and also has the strength of the community. It is free and its accessibility is average. On the 
other hand, it has limitations, as mentioned in [47]. 
 Second Study - Table 11 shows the comparison between 4 products of VLE systems. The 
comparison is based on categories as [48] determined. This study has proved that Moodle 
outperforms all other systems and scored 4.467 out of 5. In contrast, Boddington gained 
the lowest score, at 2.439. 
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Table 11: Comparison based on focusing on some Features and Categories of VLEs [78] 
 
 Third Study - in [40], the study reports that the result of the evaluation shows that Moodle 
has the best rating in the adaptation category; it can be seen in Table 12 as the best system 
concerning adaptation issues. Concerning the other platforms, ILIAS obtained the best 
values in the categories for technical aspects, administration, and course management.  
Table 12: Results of the Adaptation Category [78] 
 
 Fourth Study - in [49], the study reports the percentage of universities that are developing 
or using e-learning frameworks. The result of e-learning survey conducted the use of web-
based learning management systems for higher education. As we can see in Figure 4, 
Moodle is the best product that has 34.55% and the second product is We- 
bCT/Blackboard that has 27.27%.  The weakest product is Sakai and dotLRN that have 
same percentage 10.91%. 
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Figure 4: Chart of use of web-based e-learning systems in Universities [78] 
2.3.7 Next Generation of VLEs 
The increasing dependence on eLearning systems for learning and education through 
technology (today the Internet, tomorrow Digital Television) will promote further challenges 
to the universities in their traditional market- place. By investing controlled resources into the 
future development of VLEs, institutions will be best placed to deliver learning into the next 
decade, as in Figure 5. Therefore, Web services (together with agent technologies) will play 
an important role with this future to enhance VLE products [50, 35, 51, 52, 53, 54]. 
 
Figure 5: The Future of VLEs - The Visual Version [77] 
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One useful way of thinking about how learning environments might develop is to look at 
current trends in Internet technologies, and at a visual representation, as in Figure 5. VLEs 
should be modular to make future development of applications more easy and cost-effective. 
At the same time, the development of future educator training should be based upon the same 
principals as are foreseen for future educational and training practices: general monitoring, 
reflection and research of emergent practices (especially of successfully incorporating 
technology), and individual and flexible delivery of courses and other services [50, 55]. 
The future of VLEs will develop high-quality pedagogical standards and methodologies to 
support the users (educators and learners) online in relation to state-of-the-art 
pedagogical and didactic methods and content matters in the light of future teaching. In 
addition, OSS will enable the future of VLEs to make integration of generative tools, such as 
visualising, mind-mapping, collaborative design tools and digital libraries, all with archive 
capabilities. However, it is necessary to take the needs of current educators and learners into 
account before more extensive innovations can be incorporated [50, 56]. 
Currently, advances in academic computing, including the ubiquitous deployment of high-
connectivity, have finally made it feasible for educators to shape the new media in 
transformative ways. A persistent, unified, massively multi-user and self-organizing virtual 
environment for learning, which capitalises on the rich collaborative capabilities of open-
source technologies such as Croquet, is what is needed to take eLearning to the next plateau, 
enabling online ‘interactivity’ in a constructivist sense e.g. ‘interactivity’ that is synonymous 
with vital, self-organizing communities of practice [38]. 
Dynamic OSS provides social interaction, and thus facilitates online communities (virtual 
villages). More and more online communities will come into view around the globe. 
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Educators should not hesitate to create and maintain their Web presence to help their learners 
to build computer and information literacy [57]. 
2.4 Mobile Learning (mLearning) 
Another important development in VLEs is that which utilities current advances in mobile 
devices and wireless communication technologies.  This will take us one step closer to 
achieve the overall goal of eLearning, namely the provision of anywhere, anytime education 
and training. This development is often known as mLearning, allowing learners to use variety 
of mobile device. Mobile technologies offer new opportunities for electronic and distance 
learning and enable provision of educational electronic services and teaching content  
anywhere and anytime. Recently, a huge amount of research projects in the field of 
mLearning are under development. In [79], the online distance learning system JELD (Java 
Environment for Learning Design),  designed to implement different kinds of approach to 
learning, is presented. The system is a J2EE [80] based architecture that allows users to define 
teaching strategies, pedagogical approaches and educational goals. Moreover, JELD can adapt 
learning activities to the client device; in particular modules for PCs, personal digital 
assistants (PDAs) and mobile telephones. mCLT, an innovative mobile platform for 
computer-supported collaborative learning, in which traditional methodologies of 
collaboration have been improved, based on 3rd-generation mobile telephones, has been 
introduced in [81]. Students can collect and share live data immediately, anywhere and at any 
time. In this way they can participate active in the education process. Application of ambient 
technology as a tool which researchers can use when testing theories of learning with mobile 
devices, and developers can use when evaluating mobile learning systems is described in [82]. 
Extension of a state-of-the-art e-learning system, known as Intelligent Web Teacher (IWT), to 
support multimodal mobile access is presented in [83]. The extended platform can offer 
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customised e-learning experiences depending on the type and capabilities of the user’s mobile 
device. Development and prototypical implementation of a context-aware team interaction 
support system is presented in [84]. This offers up-to-the-moment information about the 
location, state and activities of learning teams, thus helping to build up awareness of the 
surroundings in which team learning processes can take place. In [85], questions are 
introduced that are important when designing adaptive mobile learning systems. Adaptivity is 
defined as one form of adaptation. An important issue is to weigh the usefulness or limitations 
of adaptivity in learning systems. Other essential questions include issues of choice between 
different adaptive techniques and choosing the foundation for them – in this case, user 
modelling; and the challenges of gathering information on learners. In the HISS (Hospital 
Information System for Students) project students of medicine were trained to use handheld 
devices connected through a wireless local area network to record patients’ data [86]. The 
Mobile Technologies for Ad-hoc Learning project is a joint initiative of pedagogical and 
cognitive science, involving technological experts, educators and psychologists, to research 
the possibilities of using mobile platforms with internet access for educational purposes at 
school level [87]. The project designs, develops, tests and evaluates a handheld learning 
environment based on emerging technology that facilitates on-site learning. Collaboration 
between a web-based multi-user environment that enhances a student’s learning experience 
through the use of Virtual Reality and multimedia and an agent-based intelligent tutoring 
system is described in [88]. In [89], a conceptual model called MoDCA (Mobile Device 
Collaboration and Assessment) is proposed. This model defines how the learning objects 
should be presented and also how the pedagogy should be tailored across the different 
wireless platforms in such a manner as to promote effective learning and assessment for 
individuals with diverse learning needs which are continuously changing and adapting. The 
MOBIlearn project aims to support a wide range of services and applications for learners 
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using mobile computing devices such as phones, personal digital assistants (PDAs) and 
laptops [90]. An object-oriented, feature-based architecture for a context-awareness 
subsystem to be implemented within the MOBIlearn project is presented. In [91], a learning 
organiser for handheld computers is presented. The aim was to investigate whether an 
integrated set of learning tools would be useful, which tools would be adopted and the 
contexts in which the tools would be used. A mLearning project that was a 3-year pan-
European collaborative research and development programme supported by the European 
Union (EU) is presented in [92]. The consortium is a partnership of organisations combining 
skills in pedagogy and technology. The project has developed prototype products and 
innovative approaches designed to support learning using handheld devices such as mobile 
phones and palmtop computers or pocket computers. A key objective is to engage with and 
motivate young adults who are not taking part in education or training, including those who 
are unemployed, homeless or disadvantaged. 
In the preceding, but related with the topic of this thesis research, a own general architecture 
for mLearning had been proposed. Generally, the architecture was proposed to operate across 
a single University Campus [53, 58, 59, 60]. It facilitates efficient user access to services and 
resources via InfoStations deployed at key locations within a University Campus. The 
architecture has a 3-tier structure involving the user mobile devices, the InfoStations, and the 
InfoStation Center [61, 62, 63]. User access to the mLearning services is facilitated by 
utilizing existing Bluetooth and WiFi wireless standards. 
The first tier of the architecture encompasses user mobile devices, equipped with intelligent 
agents that act as Personal Assistants to the users. The second tier consists of InfoStations, 
deployed within the University Campus, facilitating the user mobile access to services 
through wireless connections. The third tier is the InfoStation Center - the core of the overall  
70 
 
architecture. It is concerned with the control of the InfoStations, and the overall updating and synchronization of 
synchronization of information across the system. Various electronic services can be deployed in the InfoStation 
in the InfoStation network ( 
Figure 6) [64, 65]. In addition, different scenarios for execution of services over the 
InforStation network had been specified [66, 54]. In this way, we may view such an 
architecture as a multi-context system, in which each InfoStation defines a local context 
within which a number of mobile devices are located which may move from one context to 
another. Within each context, there is a number of services that can be provided and the 
locations of services are transparent to the user. If a user request can not be performed by its 
context InfoStation, then it is redirected to the InfoStation Center. 
 
 
Figure 6: Services Deployment in the InfoStation Network 
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2.5 Digital Libraries 
Generally, the classical notion of a “library” is that it should be a commons for bringing 
together knowledge, and learners within an environment that will ultimately enhance both the 
knowledge itself and learner’s education. Such a sentiment should be maintained in the 
context of Digital Libraries. 
The extensive deployment of digital libraries over the last years is hardly surprising [67].The 
term Digital Library (DL) has been widely used recently within academic institutions to 
denote an electronic repository within which academic’s research outputs can be easily stored 
and retrieved . Recently, various working digital libraries are academic and provide free 
access to their content. Some examples are following:  
 EULER  - a portal for mathematics publications [68] 
 Alexandria Digital Library - a distributed digital library with collections of 
georeferenced materials [69]. 
 PERSIVAL – digital library for medical information [70]. 
 VARIATIONS – digital library in the field of music [71]. 
 Perseus Digital Library project – aims to give more people access to source material in 
the humanities [72]. 
 Google Scholar - provides access to peer-reviewed papers, theses, books, abstracts and 
other scholarly literature [73]. 
The simple rationale is that it will increase visibility of the staff as, with the popularity of the 
Internet, it enhances and facilitates the accessibility of their research outputs by their peers 
world-wide. It has certain design rationale/principles and there are specific 
concerns/constraints with their implementation. Whilst it contributes, somewhat, to the 
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training and education of staff and, perhaps, learners in general, it has limited use within the 
specific requirements of eLearning systems. 
Along with modern information technology, the digital resources play a fundamental role in 
eLearning. Lecture courses, examinations, exercises, different profiles, etc. are the manifold 
information ingredients that have to be managed and made accessible in an eLearning system 
[74]. A digital library provides powerful and efficient support for content management, 
different kinds of metadata, as well as services for effective content search, access, 
annotation, filtering, and dissemination [75].  
2.6 Summary 
In this chapter we have presented a detailed study of eLearning systems and their various 
platforms and provided a comparative study of current eLearning technologies. This has 
included a set of generic criteria which act as a benchmark for any future eLearning system. 
We have also established architectural design and technical specification of future eLearning 
systems and in particular of their Digital Library component. 
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Chapter 3   
 
Distributed eLearning Center 
 
Objectives: 
 To present the architecture of the Distributed eLearning Center (DeLC). 
 To provide the basic models of DeLC. 
 To demonstrate the current state of the DeLC. 
 To show some previous contributions of the author related to the development of 
DeLC. 
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3.1 Introduction 
In this chapter we give overview of an architecture that can be used for development of next 
generation of eLearning environment and system. This architecture is known as Distributed 
eLearning Center (DeLC). DeLC enjoins the following properties: 
 Fully distributed. 
 Integrates service-oriented architectures with agent technology. 
 Highly adaptable. 
 “Context” is central to its realization. 
 Provably correct. 
 Compositional. 
Central to our architecture is that a node is our unit of computation (known as E-Learning 
node) which can have a purely service-oriented architecture, agent architecture or a mixed 
architecture. 
The architecture and its properties are described in full within 15 published papers (11 
published before April 2008) of which one seminal paper is included in the chapter and the 
rest are given as references.  
3.2 Modeling of DeLC  
3.2.1 Conceptual Model 
The conceptual model of DeLC [93, 98, 99] consists of five components (Figure 7) the main 
two of which are:  
 eContent generator – used by educators and instructors to create an electronic 
content (eContent) needed for the learning process. 
75 
 
 eContent interpreter – used by learners for the interpretation of the created eContent. 
 
Figure 7: The DeLC Conceptual Model 
The creation and interpretation of the eContent depends on some important circumstances and 
limitations, which could be generalized in the following three models [94]: 
 Domain model – represents the knowledge of a particular learning area/field; usually 
contains basic (atomic) concepts and different semantic links between them presented 
as ontologies. 
 Pedagogical model - contains information about possible didactical solutions used by 
the Learning Management System (LMS), e.g., to explain how to study the teaching 
material provided as eContent.  
 User model – usually stores specific information for individual users, which could be 
used for personalization of their eLearning process. Depending on the chosen 
approach this information could represent the preliminary degree of learners’ 
preparation, preferences, affinity to a particular course/module, type of mobile devices 
in use, ID data etc. The following main approaches could be used for the 
implementation of this model: 
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­ Stereotypes – the simplest way of modeling by user categorization in groups 
(categories). For each group the system supports corresponding description 
called stereotype. Each user is categorized to one or more stereotypes (e.g., 
beginner, middle level, advanced, expert). Each stereotype has predefined 
properties inherited by corresponding users’group. 
­ Overlays – the user knowledge is considered as a subset of the expert 
knowledge. This way, it is possible to use the same presentation for the domain 
model and the user model. 
­ Mixed – a combination of the previous two approaches. 
3.2.2 DeLC Infrastructure 
The Distributed eLearning Center aims to provide a distance e-Learning and e-Teaching 
facility available at any place and at any time to individuals and groups of students/educators 
both in on-line (synchronous mode) and off-line (asynchronous mode). DeLC infrastructure is 
modeled as a network structure (Figure 8), which consists of separate nodes, called 
eLearning Nodes (eLNs). The nodes model real units (laboratories, departments, faculties, 
colleges, and universities), which offer a complete or partial educational cycle. In this way the 
separate eLNs host various education services and teaching content.  
Remote eService activation and integration is possible only by means of previously defined 
virtual structures, named clusters. In the network model we can easily create new structures, 
reorganize or remove existing structures (the reorganization is done on a virtual level, it does 
not affect the real organization). For example, the reorganization of an existing virtual 
structure can be made not by removing a node but by denying the access to the corresponding 
eServices offered by it. The reorganization does not disturb the function of other nodes (as 
77 
 
nodes are autonomous self-sufficient educational units providing one or more integral 
educational services). 
Towards the access to education services and teaching content an eLN can be either fixed or 
mobile. 
 
eLN1 
eLNk 
eLNm 
eLNp 
Cluster 
 
Figure 8: DeLC Network Model 
3.2.3 Enhanced DeLC Network 
In order to support the development of a generic mobile eLearning Node, the DeLC network 
was enhanced with an InfoStation-based communication environment with distributed control 
[97, 96, 103]. The InfoStation paradigm is an extension of the wireless Internet, where mobile 
clients interact directly with Web service providers (i.e., InfoStations) [108]. The users 
request services (by their mobile devices) from the nearest InfoStation utilizing Bluetooth or 
WiFi wireless communication. Of course in future, the incorporation of technology such as 
WiMAX will greatly aid the deployment of this architecture and the delivery of services to a 
much wider community. An InfoStation network consists of the following three tiers as 
shown in Figure 9:  
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Figure 9: The 3-tier InfoStation-based network architecture 
 1st tier – encompassing the user mobile devices (cell phones, laptops, PDAs), equipped 
with intelligent agents acting as Personal Assistants to users. The Personal Assistant 
gathers information about the operating environment onboard the mobile device, as 
well as soliciting information about the user. Supplied with this information, the 
InfoStation can make better decisions on applicable services and content to deliver to 
the Personal Assistant.  
 2nd tier – consisting of InfoStations, satisfying the users’ requests for services through 
Bluetooth and/or WiFi wireless mobile connections. The InfoStations maintain 
connections with mobile devices, create and manage user sessions, provide interface to 
global services, offered by the InfoStation Center, and host local services. Supporting 
services within specific localised regions throughout the University campus, we can 
enrich the service users experience within these localities. A prime example of how 
this type of local service can enrich a learners experience, is the deployment of library-
based services [95]. Within the library domain, library users experience can be greatly 
enhanced through the facilitation of services offering resource location capabilities or 
indeed account notifications. The division of global and local services allows for a 
reduction of the workload placed on the InfoStation Center. In the original, the 
InfoStations operated only as mediators between the user mobile devices and a centre, 
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on which a variety of electronic services are deployed and executed [108]. The 
InfoStations within this architecture do not only occupy the role of mediators, they 
also act as the primary service providing nodes.  
 3rd tier – this is the InfoStation Center, concerned with controlling the InfoStations, 
and overall updating and synchronisation of information across the system. The 
InfoStation Center also acts as the host for global services. 
The DeLC communication infrastructure, supporting m-Learning and m-Teaching [101], is 
depicted in Figure 10. 
 
Figure 10: DeLC communication infrastructure supporting m-Learning and m-Teaching 
3.2.4 DeLC Services 
In DeLC, the concept of service control is developed around a service classification model 
presented in Figure 11. This model serves the implementation of the service management as 
part of the system run-time module. The service model is open for extensions including new 
values of already specified dimensions or entirely new dimensions. In order to separate the 
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architecture from services’ implementation, an independent service classification model was 
proposed. The model consists of two main components: 
 Service characteristic space (or meta-model). 
 Subject models. 
The meta-model classifies services within an n-dimensional discrete space [93, 106]. 
Currently, the next aspects (dimensions) are defined: 
 Functionality – a classifier of services according to their content. 
 Target Group - a classifier of services according to their potential users. 
 Invocation - a classifier of services according to the activation option provided in the 
infrastructure (i.e., local, remote, and back-end services).  
 Mobility – specifies whether the service is a mobile one or a stationary one. 
 Standard-conformance – whether the service is conformant to an eLearning standard 
(e.g., SCORM 2004). 
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Figure 11: The service classification model 
81 
 
The subject models specify the functionality of the offered education services and are 
presented by help of appropriate modeling means (e.g., UML diagrams [104, 100]). The 
subject model of Intelligent Message Notification Service is shown as an example [105, 107]: 
 Service name: ‘Intelligent Message Notification’ 
 Short description: This service is needed to broadcast MMS/SMS messages to a 
group of users, e.g., message notification sent by lecturer to a class of students about 
canceling/postponing the lecture, message sent by librarian announcing a library 
demonstration. The lecturer/librarian types and sends the message on his/her mobile 
device via available Ultra Wide Band, Bluetooth or WLAN connection to the nearest 
InfoStation. The InfoStation then forwards this message to the University’s message 
gateway, which is deployed as a module in the InfoStations’ Center and functions as 
an intelligent message redirector deciding what is the most appropriate, quickest and 
cheapest way of delivering this message to each student in the class according to 
his/her current individual location (and device in possession) specified in the student 
profile. All registered DeLC users (lecturers, librarians and students) have profiles in 
the DeLC containing (among other things) information about the best way of 
forwarding urgent messages to them at any particular moment, e.g. by MMS/SMS, 
email, fax, voice mail or otherwise. 
 Communication infrastructure: Figure 12. 
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Figure 12: Communication infrastructure supporting the mobile service ’Intelligent Message Notification’ 
 Service provision: The Figure 13 illustrates sample interactions between entities 
involved in the facilitation of this service (i.e., InfoStation Center, InfoStation, Mobile 
Device, User). A mobile user (e.g. Lecturer, Librarian or Student) is within range of an 
InfoStation, s/he goes through the normal AAA procedure and selects a service for 
use, in this case the Intelligent Message Notification Service.  
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Figure 13: Intelligent Message Notification Service provision 
An intelligent agent (Personal Assistant) on the mobile device forwards this user 
service request to the InfoStation, which instantiates the service. The InfoStation 
updates the user mobile device’s Virtual Address Book (VAB), which lists all 
currently available registered users. This is constantly updated and maintained by the 
system. From the VAB, the user selects the desired destination of the message and 
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creates it in the form of SMS, MMS, email etc., which is then forwarded by the 
Personal Assistant to the nearest InfoStation. The InfoStation analyses the recipients’ 
profiles and makes a decision on the most reliable, appropriate, quickest and cheapest 
way of delivering the message to each of the recipients. This decision takes into 
account factors such as current recipient’s location, mobile device, and other most 
recent information contained within his/her profile. If the recipient is within range of 
the InfoStation, the InfoStation forwards the message directly to him/her (and 
optionally reformats the message beforehand if necessary e.g. when an SMS/MMS is 
to be delivered to an e-mail address and vice versa). If however the message recipient 
is outside the range, the InfoStation forwards the message onto the InfoStation Center, 
which in turn delivers the message to its destination (i.e. most appropriate recipient’s 
location). Once the message has been delivered to the relevant user(s), the InfoStation 
Center forwards a delivery acknowledgment to the InfoStation, which then forwards it 
to the Personal Assistant, installed on the user mobile device, and terminates the 
service. The assistant in turn displays this confirmation to the user. 
Besides the classification, each service is considered as consisting of two parts [102]: 
 Service’s user part (SUP) – interface of the service, used for its control during 
initialization (searching, discovering, identification...) and finalization (in case of 
device change). SUP is deployed in the mobile devices and the InfoStations. 
 Service’s server part (SSP) – deployed and executed by the only non-changeable 
component - the InfoStation Center. SSP contains the realization of the functionality 
provided by a service. 
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This service description could be mapped to different models or protocols for service control. 
Some services directly use knowledge presented in the domain model. From an architectural 
point of view the possibility for dynamic switch/change (during the run-time) from one 
learning area to another is very important. Today’s approaches for the 
implementation/realization of eLearning models usually use ontologies [211]. Besides this, 
depending on their nature, some services could be parameterized by retrieving the parameter 
values from the user model and the pedagogical model. This increases the possibilities for 
architectural support for one of the main characteristics of the eLearning systems, namely 
service personalization. The possibility for parameterization, parameter types, their 
allowable values, the time needed to assign these values (during service development or 
dynamically during the run-time) are defined in the corresponding subject models. 
3.3 The Development of DeLC  
The actual implementation of DeLC incorporates internal and external eLearning nodes. The 
internal eLearning nodes are used directly in the real education in the university, while the 
external eLearning are developed and in use out of the university. Commonly, the next 
eLearning nodes are developed (Figure 14): 
 Mobile eLearning node – an internal node presented in Chapter 4. 
 Education portal – an internal node presented in Chapter 5. 
 Agent Village – an internal node presented in Chapter 6. 
 Education cluster – a cluster, incorporating the Education portal and the Agent 
Village, presented in Chapter 6. 
 Distributed eTesting Center (DeTC) – an external node specialized for testing in the 
Faculty of Economics and Social Sciences (Univetsity of Plovdiv) and in the 
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University of Food Technologies, Plovdiv ( in [109] supervised from the author of this 
thesis). 
 Education portal for secondary school - an external node supporting eLearning in 
secondary school ( in [110] supervised from the author of this thesis). 
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Figure 14: DeLC infrastructure 
87 
 
3.4 Summary 
A general overview of the DeLC architecture is given in this chapter. Besides, the modeling 
of the basic architecturel components is presented in some detail. The current implementation 
of the proposed architecture is discussed as well. 
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Chapter 4   
 
Mobile eLearning Node 
 
Objectives: 
 To present the agent- and service-oriented architecture of the mobile eLearning Node 
of DeLC. 
 To provide the development approach of the node. 
 To present the system architecture of the node. 
 To discuss the context-aware service provision in DeLC. 
 To present the scenarios level, middleware and services level of the architecture of the 
mobile eLearning node. 
 To discuss the Base Architecture and Resource Deficit iterations. 
 To provide the simulation environment using for testing of the middleware. 
 To demonstrate the operation of the middleware with the mTest service.  
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4.1 Introduction 
In this chapter we introduce the concept of Mobile eLearning Node (InfoStations). The 
Mobile eLearning Node has the following characteristics: agility, decision making, efficient 
cooperation, and context-aware. The functionality of mobile eLearning Node is to be aware of 
its context, gather required learning material and adapted to the learner request. The node uses 
a three-level communication network, called InfoStations network, supporting mobile service 
provision. The following four contributions, related to this problem, are presented briefly in 
this chapter: 
 Development approach. 
 System architecture of the node. 
 Middleware architecture. 
 Simulation environment. 
The Mobile eLearning Node is described in full within 27 published papers of which 6 papers 
are included in the chapter. 
4.2 Development Approach 
Development of context-aware, flexible and adaptive architectures is exceptionally difficult 
task, which is impossible to complete without a clearly-defined development approach. The 
proposed approach aims at the creating of an agent- and service-oriented architecture for 
efficient use in on-line e-Learning systems employing an InfoStation infrastructure for getting 
mobile access to eLearning services and educational resources within a University campus 
[113, 117, 118, 135]. The approach is based on the ideas suggested by the MDA specification 
of OMG [138]. In conformity with the approach the mobile eLearning Node was built on 
three levels (Figure 15): 
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 Education Services Level – implements and provides eLearning services supported by 
the node. 
 Scenarios Level – presents scenarios for accessing the eLearning services and the 
teaching material over the InfoStation network. The scenarios are an abstract 
presentation of the underlying communication infrastructure and as such they hide 
redundant technical details. The middleware is developed so that it support a correctly 
execution of the proposed scenarios. 
 Middleware Level – an agent-based multi-layered architecture playing a mediator role 
between the services level and the scenarios level. It contains agents, implementing 
scenarios execution, and agents supporting services provision. 
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Scenarios Level
Middleware Level 
Management
Management
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InfoStation 
Network
Mobile 
Devices
eLearning 
Service – 
Middleware 
Iteration
Scenario-
Middleware 
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Figure 15: The approach: levels and iterations 
The services are convenient for the implementation of specific business functionality, but are 
static, however. The necessary flexibility, required for a context-aware and adaptable 
architecture, is ensured by intelligent agents (which, however, are unsuitable for the 
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implementation of functionality). The agents have to spot any change in the environment, 
carry out the adaptation necessary for correct processing of service requests, and activate the 
desired eLearning services. 
The architecture is developed iterative and incremental by means of separate iterations. The 
term iteration – borrowed from the Unified Software Development Process [139] – means a 
workflow or cooperation between the developers at different levels so as to be able to use and 
share particular products and artefacts. In our approach, the iterations afford an opportunity to 
step-to-step development and extension of the middleware. The approach defines iterations 
between: 
 The Scenarios Level and the Middleware Level, and 
 The Education Services Level and the Middleware Level.  
Currently, the next scenario-level-to-middleware-level iterations are envisaged for realization 
in the node: 
 First iteration, called Base Architecture, aims at the implementation of software 
support of four scenarios – ‘No change’, ‘Change of user mobile device’, ‘Change of 
InfoStation’ and ‘Change of InfoStation and user mobile device’. 
 Second iteration is known as Scenario-Based Management. During this iteration some 
temporal aspects of scenario-based management are examined [119, 128]. Important 
changes in the user context during the execution of the users’ service requests (e.g., 
device mobility, when a user/device leaves the service area (range) of one InfoStation 
and enters another) can be detected and identified by the system only if the temporal 
aspect of this process is taken into consideration.  
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 Third iteration, known as Adaptation, concernes with problems related to 
strengthening the architecture, e.g. to support adaptability. We take the view that, 
personalized eLearning process could be successfully realized by means of adaptive 
architectures, supporting three models that influence the learning process – the user 
model, the domain model, and the pedagogical model. 
 Fourth iteration, known as Resource Deficit, states that in some cases the user request 
for a service cannot be satisfied fully by the local InfoStation due to resource deficit. 
In this case the service provision must be globalized in a manner involving other 
InfoStations. 
An eLearning-level-to-middleware-level interaction implements a mapping of an education 
service to the existing middleware. If the middleware doesn’t provide full support to the 
provision of the service, it will be extended with new agents. 
4.3 System Architecture 
The software system architecture (Figure 16) is distributed, where the components are 
deployed across the different tiers/nodes, i.e. on mobile devices, InfoStations, and InfoStation 
Center. In this architecture the role of the InfoStations is expanded, enabling them to act 
(besides the mediation role) as hosts for the local mobile services and for preparation, 
adaptation, and conclusive delivery of global mobile education services [129, 136]. 
This way the service provision is efficiently distributed across the whole architecture. Each of 
the system network nodes have a different structure depending on their functioning within the 
system. However, each node is built upon a Communication Layer whose main task is to 
initialize, control and maintain communications between different nodes. This layer is also 
concerned with choosing the most appropriate mode of communication between a mobile 
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device and an InfoStation – whether that be Bluetooth or WiFi, or indeed as the platform 
evolves perhaps WiMAX in the future. 
The software architecture of the InfoStations and InfoStation Center includes a Service Layer 
on the top. The main task of this layer is to prepare the execution of the users’ service 
requests, to activate and receive the results of the execution of different services (local and 
global). The InfoStations’ middle layer is responsible for the execution of scenarios and 
control of user sessions. It is at this layer where the user service requests are mainly processed 
by taking into account all contex-aware aspects and applying corresponding adaptive actions. 
The middle layer of the InfoStation Center ensures the needed management and 
synchronisation during particular scenarios. In addition, different business supporting 
components, e.g., for user accounting, charging and billing, may operate here.  
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Figure 16: The layered system architecture 
The software architecture of the user mobile devices contains two other layers: 
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 Personal Assistant – its task is to help the user in specifying the service requests sent 
to the node, accomplish the communication with the InfoStations’ software, receive 
and visualise the service requests’ results to the user, etc. Moreover, the assistant can 
provide information needed for the personalisation of services (based on information 
stored in the user profile) and/or for the synchronisation of scenario execution.  
 Graphical User Interface  – its task is to prepare and present the forms for setting up 
the service requests, and visualise the corresponding results received back from the 
node.  
4.4 Context-Aware Service Provision in DeLC 
In order to ensure a context-aware service provision, the software of the eLearning Nodes is 
built as an integration of two components [112]: 
 A standardized middleware, which is able to detect the dynamic changes in the 
environment during the processing of user requests for services (contex-awareness) 
and correspondingly to ensure their efficient and non-problematic execution 
(adaptability). 
 A set of eLearning services realizing the functionality of the application area (business 
functionality), which could be activated and controlled by the middleware.  
As the middleware is concerned with the context-awareness and adaptability aspects, it is 
important to first clarify these concepts. Within DeLC development approach, Dey’s 
definition [140] was adopted, according to which “context is any information that can be used 
to characterize the situation at an entity”. An entity could be a person, place, or object that is 
considered relevant to the interaction between a user and an application, including the user 
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and applications themselves. Context could be of different type, e.g., location, identity, 
activity, time. 
Dey’s definition is utilized here as a basis for further discussions. In order to elaborate on this 
definition a working one for the creation of the desired middleware architecture, we first 
solidify the definition. We want clearly to differentiate context-awareness from the 
adaptability. Context-awareness is the middleware’s ability to identify the changes in the 
environment/context as regards: 
 Device mobility – characterizes the mobile device’s location. In some cases this 
mobility leads to changing the serving InfoStation. This is especially important due to 
the inherent mobility within the system, as users move throughout the University 
campus. This information has a bearing on the local services deployed within a 
particular area (i.e., within the University Library). 
 User mobility – characterizes the changing of the mobile device used from the user. 
This mobility offers different options for the delivery of the service request’s results 
back to the user. What is important here is to know the capabilities of the new device 
activated by the user, so as to adapt the service content accordingly. 
 Communication type mobility – depending on the current prevailing wireless network 
conditions/constraints, the user may avail of different communications possibilities 
(e.g., Bluetooth or WiFi). 
 User background and preferences – service and teaching content personalisation may 
be needed as to reflect the changes made by users in their preferences or background; 
e.g., the way the service content is visualised to them, etc. 
 Pedagogical preferences - goal-driven sequencing of tasks engaged in by the user in 
order to obtain the desired educational results. 
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 Environmental context - issues such as classmates and/or learner/educator interactions.  
The goal of adaptability is to ensure trouble-free, transparent and adequate fulfilment of user 
requests for services by taking into account the various aspects of the context mentioned 
above. In other words, after identifying a particular change in the service environment, the 
middleware must be able to take compensating actions (counter-measures) such as handover 
of user service sessions from one InfoStation to another, re-formatting/transcoding of service 
content due to a change of mobile device (varying device capabilities), service 
personalisation, etc. 
4.5 Scenarios Level  
To ensure adequate support for user mobility and device mobility (the first two aspects of the 
context change), the following four main communications scenarios are identified for support 
in our middleware architecture [115, 130]: 
 ‘No change’ Scenario – an eLearning service is provided within the range of the same 
InfoStation and without changing the user mobile device. 
 ‘Change of user mobile device’ Scenario – due to the inherent mobility, it is entirely 
possible that during an eLearning service session, the user may shift to another 
mobile device; e.g., with greater capabilities, in order to experience a much richer 
service environment and utilize a wider range of resources. 
 ‘Change of InfoStation’ Scenario – within the InfoStation paradigm, the connection 
between the InfoStations themselves and the user mobile devices is by definition 
geographically intermittent. With a number of InfoStations positioned around a 
University campus, the users may pass through a number of InfoStation serving areas 
during the service session. This transition between InfoStation areas must be 
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completely transparent to the user, ensuring the user has continuous access to the 
service. 
 ‘Change of InfoStation and user mobile device’ Scenario – most complicated scenario 
whereby the user may change the device simultaneously with the change of the 
InfoStation. 
To support the third aspect of the context change (different communication type), the 
development of an intelligent component (agent) working within the communication layer is 
envisaged. This component operates with the capability to define and choose the optimal 
mode of communication, depending on the current prevailing access network conditions (e.g., 
congestion level, number of active users, average data rate available to each active user, etc.). 
The user identification and corresponding service personalisation is subject to a middleware 
adaptation for use in the particular application area. In the case of eLearning, the architecture 
is extended to support the three fundamental eLearning models – the educational domain 
model, the user/learner model, and the pedagogical model.  
4.6 Middleware 
Currently, the middleware is developed as result of the Base Architecture iteration. The main 
challenges related to the support of distributed control, as the system should be capable of  
detecting all relevant changes in the environment (context-awareness) and according to these 
changes, facilitate the service offerings in the most flexible and efficient manner 
(adaptability). The system architecture (presented in this chapter) is implemented as a set of 
cooperating intelligent agents. An agent-oriented approach has been adopted in the 
development of this architecture in order to: 
 Model adequately the real distributed infrastructure. 
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 Allow for realisation of distributed models of control. 
 Ensure pro-active middleware behaviour which is quite beneficial in many situations. 
 Use more efficiently the information resources spread over different InfoStations. 
Moreover, the agent-oriented architecture can easily be extended with new agents (where 
required) that cooperate with the existing ones and communicate by means of a standardized 
protocol (FIPA -Agent Communication Language (ACL) [146]). Indeed, the InfoStations and 
InfoStation Center exist as networks of interoperating agents and services, with the agents 
fulfilling various essential roles necessary for system management [123, 124]. Within each of 
these platforms, agents take responsibility for selecting and establishing a client-server cross-
platform connection, conveyance of context information and the delivery of adapted and 
personalised service content. This multi-agent approach differs from the classic multi-tier 
architectures in which the relationships between the components at a particular tier are much 
stronger. Conceptually we define different layers in the system architecture in order to present 
the functionality of the middleware that is being developed in a more systematic fashion. The 
middleware architecture is considered as a set of interacting intelligent agents. 
Communication between the user mobile devices and the serving InfoStations is supported in 
two ways:  
 An agent operating within the InfoStation discovers all new devices entering the range 
and subsequently initiates communication with them or 
 Personal Assistant agents on the user mobile devices are the active part in 
communication, and initiate the connection with the InfoStation. 
Currently, the former approach is used for Bluetooth communication, whereas the latter 
applies for WiFi communication.  
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Figure 17 highlights the main components necessary to ensure continuity to the service 
provision; i.e., support for the continuous provision of services and user sessions in the case 
of scenario change or resource deficiency. The agents, which handle the connection and 
session establishment, perform different actions, such as: searching for and finding mobile 
devices within the range of an InfoStation, creating a list of services required by mobile 
devices, initiation of a wireless connection with mobile devices, data transfer to- and from 
mobile devices. Also illustrated within Figure 17 are the components which serve to facilitate 
a level of context sensitivity and personalisation to the presented services. A short description 
of the agents (for Bluetooth communication) within the architecture is presented below. 
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Figure 17: The Agent-Oriented Middleware Architecture 
The first step in the delivery of the services involves the Scanner agent, which continuously 
searches for mobile devices (Personal Assistant agents) within the scope of the InfoStation. In 
addition, this agent retrieves a list of services required by users, as well as the profile 
information, detailing the context (i.e., device capability and user preference information, 
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received as XML file), which itself is extracted from the content of an ACL message. The 
contents of this XML file are then passed on (via the Connection Advisor agent) to the Profile 
Processor agent, which parses the received profile and extracts meaningful information. This 
information can in turn be utilized to perform the requisite alterations to services and service 
content. This information is also very important in relation to the tasks undertaken by the 
Scenario Manager agent. The role of this agent is to monitor and respond to changes in the 
operating environment, within which the services are operating (i.e., change of mobile 
device). In the event of a significant change of service environment, this agent gathers the 
new Capability and Preference Information (CPI) via the Scanner agent. Then, in conjunction 
with the Query Manager agent and the Content Adaptation agent, facilitates the dynamic 
adaptation of the service content to meet the new service context. The main duty of the 
Connection Adviser agent is to filter the list (received from the Scanner agent) of mobile 
devices as well as requested services. The filtration is carried out with respect to a given 
(usually heuristic) criterion. Information needed for the filtration is stored in a local database. 
The Connection Adviser agent sends the filtered list to the Connection Initiator agent, who 
takes on the task of initiating a connection with the Personal Assistant onboard the mobile 
device. This agent generates the so-called Connection Object, through which a 
communication with the mobile device is established via Bluetooth connection. Once this 
connection has been established, the Connection Initiator generates dynamically an agent 
(named Connection agent) to which it hands over the control of the connection. From this 
point on, all communications between the InfoStation and the Personal Assistant are directed 
by the Connection agent. The internal architecture of the Connection agent contains three 
threads: 
 An agent thread used for communication with the Query Manager agent. 
 A Send thread. 
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 A Receive thread.  
The Query Manager performs one of the most crucial tasks within the InfoStation 
architecture. It determines where information received from the mobile device is to be 
directed, e.g. directly to simple services, or via Interface agents to sophisticated services. It 
also transforms messages coming from the Connection agent into messages of the correct 
protocols to be understood by the relevant services; i.e., for simple services – UDDI [147] or 
SOAP [148], or for increasingly sophisticated services by using more complicated, semantic-
oriented protocols (e.g., OWL-S). The Query Manager agent also interacts with the Content 
Adaptation agent in order to facilitate the Personal Assistant with increasingly contextualised 
service content. This Content Adaptation agent, operating under the remit of the Query 
Manager agent, essentially performs the role of an adaptation engine, which takes in the 
profile information provided by the Profile Processor agent, and executes the requisite 
adaptation operations on the service content (e.g., file compression, image resizing etc.). 
The Query Manager agent receives user service requests via the Connection agent, and may 
communicate with various services. Once it has passed the request on to the services, all 
service content is passed back to the Query Manager via the Content Adaptation agent. The 
Profile Processor agent parses and validates received profiles (XML files) and creates a 
Document Object Model (DOM) tree [149]. Using this DOM tree the XML information may 
be operated on, to discern the information most pertinent to the adaptation of service content. 
The Content Adaptation agent receives requests-responses from the services, queries the 
Profile Processor agent regarding the required context, and then either selects a pre-packaged 
service content package which closely meets the requirements of the mobile device, or applies 
a full transformation to the service content to meet the constraints of the operating 
environment of the device. 
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The tasks undertaken by the Content Adaptation agent, the Scenario Manager agent and the 
Profile Processor agent, enable the system to dynamically adapt to changing service 
environments, even during a particular service session. Once the connection to a particular 
service has been initialized and the service content adapted to the requisite format, the 
Connection agent facilitates the transfer of the information to the user mobile device. 
4.7 Education Services Level  
On the top of the middleware operates a Service Interface Layer including agents whose task 
is to choose and activate service(s) corresponding to the current user request. We are going to 
investigate agents which could support two service models (Figure 18) [137]: 
 Web Services like model – the Web Services are wide used in the current service-
oriented applications. However this model suffers from the lack of their ability to 
provide constructs and concepts that enable reasoning about runtime service behavior. 
 More adaptable service models – in these models services are composed using a 
specification technique that characterizes ongoing behavior of the services (e.g., 
[141]). In these models context-awareness and adaptation can be enhance even at the 
service level. 
The agents in this level support a communication with more sophisticated services performed 
by using the standard Ontology Web Language for Services (OWL-S) protocol [142]. OWL-S 
provides a set of constructs for creation of ontologies, which are machine understandable 
descriptions of the service. These ontologies enable agents to discover, invoke and 
interoperate with the services. Using OWL-S, the ontology structure is divided into four 
separate sections, each dealing with a different aspect of the service [112]: 
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 Service Profile - this advertises the abilities of the service (i.e., what it can do), in such 
a way as to enable a service-seeking agent to determine if the service meets its 
requirements. This provides a concise high-level description of the service to a 
registry, which is maintained by the InfoStation Center, and periodically disseminated 
copies of all service profiles to the various local InfoStations throughout the campus. 
The service profile outlines the limitations of the service, the quality of the service and 
of course the requirements placed upon the requesting agent in order to utilize the 
service successfully. In DeLC architecture, the InfoStation provides a user’s Personal 
Assistant with access to a registry of services. Service profiles are comprised to three 
different types of information: 
o Description of the service and the service provider. 
o Functional attributes that provide supporting information about the service. 
o Functional behavior of the service which provides a capability description of 
the service, specification of what the service provides. 
 Process Model - this gives a detailed description of the operation of the service and 
tells a requesting agent how and when to interact with a service (read/write messages). 
System Support 
Middleware Activation Layer 
Service Interface Layer 
Middleware 
Service Models 
Figure 18: Two service models 
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Essentially it outlines how to initiate the service, and what happens when a service 
carries out its purpose. The process model is utilized for the invocation of the service, 
for planning a composition of complex actions, and for interoperation and monitoring 
of service functionality.  
 Grounding - this provides details of how an agent can access and interact with a 
service. Specified within the grounding, are details pertaining to message formatting, 
transport mechanisms, protocols, addressing, etc. When combined with the details 
outlined within the process model, all the information necessary for a client to utilize a 
particular service is presented. While both the Service Profile and the Process Model 
provide abstract representations of the service and its processes, the Grounding 
provides a concrete specification of the various elements required for interaction with 
the service. The Web Services Description Language (WSDL) [143] is utilized within 
OWL-S to facilitate the initial grounding mechanism. Figure 19 illustrates the 
convergence of these two specification languages. 
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Figure 19: The mapping between OWL-S and WSDL 
 Service - this simply binds the other elements together into a single entity which can 
be published and invoked. 
Agents utilize the information contained within the Service Profile [120] to ascertain whether 
or not a service meets its requirements, and adheres to certain constraints such as security, 
quality of service, etc. While the Service Profile provides all the information needed for an 
agent to discover a service, the Process Model provides the information necessary for the 
105 
 
agent to use the service. The Process Model allows the agent to perform a more in-depth 
analysis of the service and its capabilities, and determine if it can be utilized. As well as this, 
it enables the agent to compose new service descriptions through the composition and 
interoperation of previous existing services, to perform specific tasks. The Process Model also 
allows agents to monitor the execution of tasks performed by a service (or a set of services), 
and to coordinate the entities involved in the service execution. The Service Grounding details 
how agents can communicate with, interoperate with, and invoke a service. The relationships 
between the various service components are modelled using properties such as presents 
(Service to Profile), describedBy (Service to Process Model) and supports (Service to 
Grounding), Figure 20 
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Figure 20: The OWL-S Service Ontology 
When all these separate parts are combined, they form an ontology/description that allows 
agents to discover, invoke, compose and monitor services. Utilizing the OWL-S protocol 
offers a good opportunity for the realisation this flexible software architecture, offering a 
suitable environment for the support of education services in DeLC. 
One of the fundamental futures of DeLC is the facility for service context-sensitivity and 
personalisation. In order to support this functionality we turn to the creation of device-, user- 
and service profiles. For the implementation of the former two profiles, which are integral 
components in the service adaptation procedure, we have opted to use the uniform platform-
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independent Composite Capability/Preference Profile (CC/PP) format [144]. This format is 
based on the Resource Description Framework (RDF), one of the key specifications of the 
Semantic Web, and is recommended by the World Wide Web Consortium (W3C) [145]. 
When adapting service content for a specific user, the information required for the adaptation 
can come from different sources - the network, the accessing device or indeed the user's own 
preferences/context. The InfoStation can receive these different pieces of information 
separately, but needs to merge the information into one model before doing content 
adaptation. Based on the Semantic Web and RDF, CC/PP simplifies this data integration 
through the use of extensible and non-centralised vocabularies. 
Functionality, modeling and support of various eLearning services are presented in a round of 
publications, such as [125, 126, 127, 131, 132, 133, 134]. In this section is demonstrated 
mTest service, which provides a means for educators to rapidly evaluate learners assimilated 
knowledge and provide valuable feedback to learners concerning their progress [121, 122]. 
The mTest facility enables the educator to more effectively shape the learning experience of 
the learners, ensuring the learner remains engaged in the correct material. The sequence 
diagram Figure 21, depicts sample interactions between entities involved within the provision 
of the mTest service through this enhanced architecture. As has been mentioned previously, 
the Scanner agent continuously searches for mobile devices/Personal Assistant agents within 
the service area of the InfoStation. The Personal Assistant, having already gathered the 
requisite information from the user to complete the user profile, passes the capability and 
preference information (CPI) on to the Scanner agent within the contents of an ACL message. 
The Scanner agent takes the information relating to the Personal Assistant, directs the profile 
information to the Profile Processor agent, and directs a list of mobile devices and applicable 
services to the Connection Advisor agent. The latter in turn filters this information providing 
the information necessary for the Connection Initiator agent to establish a communication 
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session with the Personal Assistant onboard the mobile device. The Connection Initiator 
agent, having already established communication with the Personal Assistant, generates a 
Connection agent, which is tasked with maintaining and managing all communications 
between the InfoStation and the particular Personal Assistant. The Profile Processor agent, 
having received the profile information from the Scanner agent, gathers the relevant capability 
and preference information from the received XML content. This information is cached 
locally within the InfoStations profile repository. This agent works in conjunction with the 
Scenario Manager agent in order to monitor for any changes to the operating environment of 
the services (i.e., change in capabilities caused by changing one mobile device with another). 
At this stage, a communication session has been established between the InfoStation and the 
user mobile device, and the InfoStation is aware of the context/constraints any presented 
services must be adapted to.  
Having successfully established communication between the InfoStation and the Personal 
Assistant, the user is presented with a list of all available services matching his/her profile. 
From this list the user selects a particular service, in this case the mTest service, and may then 
choose a particular assessment. The Personal Assistant on the user mobile device forwards the 
users service request on to the InfoStation, specifying the user choices. The Connection agent 
passes this message on to the Query Manager agent. It determines to which service a 
particular service request must be directed. The mTest service receives the user service 
request and compiles a list of applicable assessments, taking into account the personal context 
of the user (based on profile information). This service content is passed on to the Content 
Adaptation agent, which performs the role of an adaptation engine. It performs the requisite  
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Figure 21: mTest Service Provision 
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personalisation and adaptation of the service content, based on the capabilities of the access 
device and the preferences/context of the user. This contextualisation ensures the service is 
presented in its most efficient format by identifying the most relevant context information 
such as the screen size, audio and video capabilities etc. Once the service content has been 
adapted to suit the operating environment on board the mobile device, the content is packaged 
(MIDlet packed within a JAR file) for transfer to the user’s mobile device. Depending on 
network constraints such as the traffic volume at a particular time and of course the 
communication capabilities of the target device, the Connection agent may initiate the file 
transfer via Bluetooth (or WiFi). The Personal Assistant presents a basic GUI to the user, 
enquiring as to whether or not to save the incoming file. The incoming MIDlet (JAR file) is 
saved to onboard memory within the mobile device, which in turn permits the user to access 
the service content any number of times, even whilst outside the range of the InfoStation. 
Within this sequence diagram, the facility to update service content is also highlighted. 
Periodically, a Connection agent (one specifically generated to maintain communications 
between the InfoStation and the InfoStation Center) requests the most up-to-date versions of 
particular service content. This facility is essential to the success of the mLearning 
architecture. Any updates can be propagated from the InfoStation Center, ensuring that each 
InfoStation throughout the network has access to the latest versions of service content. As the 
learner progresses through the test, his/her user profile is maintained to reflect this progress. 
Furthermore we consider the possibility for the learner to do the test whilst on the move and 
out of range of an InfoStation. As the content is stored locally on the mobile device, the 
Personal Assistant can facilitate the user with continued utilisation of the service while at the 
same time maintaining the user profile. Thus the learner may complete the test whilst outside 
the radio range of any InfoStation, with the user profile reflecting the learner’s progression 
through the material. Once the Personal Assistant eventually does enter back within range of 
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an InfoStation, the Personal Assistant will forward on a user profile update which reflects the 
progress of the learner through the test content, whilst out of range of the InfoStation network. 
These updates are disseminated through to the InfoStation Centre so as to ensure all 
information across the system is up-to-date. Once the user has completed the mTest, the 
Personal Assistant displays the results of the assessment to the user, providing valuable 
feedback on their own progress and performance. 
4.8 Resource Deficit Iteration 
On one hand, in the original paradigm, the InfoStations operate as mediators between the user 
mobile devices and a central server on which a variety of applications are installed. In DeLC 
architecture, this communications paradigm was enriched by extending the role of the 
InfoStations and deploying services that could be locally activated directly on them. With this 
distributed deployment of services and other information resources on all available 
InfoStations, we aim to achieve a good load balancing and better efficiency. However, the 
distributed deployment of information resources shows some downsides related to the system 
overhead associated with the interconnection of information resources during the execution of 
a service request. This overhead is particularly heavy when the interconnected resources are 
deployed on different InfoStations. Thus the task of overhead minimization is especially 
important in the distributed approach. The amount of overhead depends on the manner of 
deploying the information resources.  
On the other hand, in some cases the user requests for particular services cannot be satisfied 
fully by the local InfoStation due to resource deficit (e.g., when information needed to satisfy 
the service request is unavailable in the database of this InfoStation). In these cases, the 
service provision must be globalized in a manner involving other InfoStations (through the 
InfoStation Center, ISC). The need for globalization depends on the manner in which the 
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resources are deployed on network nodes during the system initialization. Taking into account 
the fact that each globalization requires an additional overhead, the problem is to find such a 
deployment, which minimizes the number of globalizations.  
In order to solve these problems (in the iteration Resourse Deficit) an abstract model of the 
resource deployment in DeLC is developed (detailed description in [114, 116]). For the reason 
of complexity we decline to search a global optimum. Instead we are going to specify an 
approach which: seek suitable heuristics for specifying a real subset of possible deployments, 
where (with high probability) we assume that a satisfying solution exists and seek an optimum 
within the new set (local optimum or suboptimum). In this way the approach prescribes the 
following four steps (Figure 22):  
 RG-problem presentation (RG-model generation) – the problem has been presented as 
an abstract graph network. 
 RG-model transformation – the model has to be transform into a more abstract graph 
(called Abstract Deployment Graph) in order to be prepared for solving by an 
evolution strategy. 
 Optimal Deployment Graph (ODG) generation – by help of an evolution strategy an 
optimal graph has been generated as solution of the optimization problem. 
 ODG interpretation – the problem solution (ODG) is presented as a real deployment 
map of the information resources.    
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4.9 Simulation Environment 
A simulation environment for middleware testing is developed [111]. By means of this 
environment the middleware’s behavior can be analyzed in the framework of separate 
experiments. The simulation system is being developed as a wrapper of the tested 
middleware, in which the following activities are carried out:  
 Preparation and initialization of the experiment.  
 Activation of the experiment execution.  
 Visualization of the middleware’s behavior during the experiment execution.  
 Automatic generation of protocols, which may be used for the assessment of the 
middleware’s behavior. 
The simulation environment includes two main sub-environments (Figure 23): 
 Experiment Organizer (EO) - specialized graphical environment used for the 
preparation of experiments and presentation of results. Experiments are described as a 
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specification; the results are recorded and are available for subsequent analysis. Beside 
this, some results may be visualized. A generator of protocols has been developed in 
EO too.  
 Experiment Runner (ER) - an agent-oriented wrapper of the tested middleware, which 
controls the experiment execution/running in accordance with the given specification. 
The interim results obtained during a particular experiment are transmitted to EO, 
where the experiment execution can be visualized. 
 
The simulation environment can present all events occurring in the middleware in the form of 
a log file, e.g. the actual moments when agents/containers/behaviors are created or removed, 
communications messages exchanged between agents, changes in the state of 
agents/containers/behaviors, etc. The experiments, carried out with the help of this 
environment, allow research and analysis of the middleware’s behavior at four levels as 
described in the following subsections. 
 Scenario level - at this level the global behaviour of the middleware during the 
execution of the scenario is traced. Our particular interest is focused on the behaviour 
of the resident agents and the process of generation of operational (temporary) agents, 
which depend on the changes occurring in the environment. These changes are 
specified in the description of the experiment and are simulated during its execution. 
As a result of the experiment, the following features of the middleware can be 
analyzed: tracking the movement of users and the corresponding reaction of the 
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Figure 23: The logical structure of the simulation environment 
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middleware, statistics about generated and removed operational agents, starting and 
completing a communication, data transfer between devices, agents’ review. 
 Container level - at this level, for each simulated component (InfoStation Center, 
InfoStation, or mobile device) the simulation environment shows the active containers 
living in the middleware. The following information that characterizes a container 
could be extracted: the address, the identifier (identifying the container in the JADE 
platform [150]), the logical name, the port, the protocol used for communication, etc. 
The main container also contains two functional JADE agents: an AMS (Agent 
Management System) and a DF (Directory Facilitator). AMS is a mandatory 
component of the platform responsible for the overall management of its operation, 
such as the creation and deletion of agents, overseeing the migration of agents to and 
from the platform, etc. DF is an optional component providing yellow-pages services 
to other agents.   
 Agent level - at this level the simulation environment shows what agents live in the 
containers of each InfoStation. The following information characterizing an agent 
could be extracted: the name of the class whose instance is this particular agent; the 
local/global name for JADE; the state of the agent; the container in which it is located, 
etc. Beside this, different characteristics of agents can be visualized, such as the 
location of the agent (i.e. on a mobile device, InfoStation, or InfoStation Center), 
creation of an agent (the simulation environment catches the exact creation time and 
visualizes it - location, container, name, state), removal of an agent, etc. This level 
collects also information that allows analysis of interactions between agents. The 
simulation environment may intercept messages, exchanged between agents. 
Information, which may be visualized for each message, includes: the sender, the 
recipient, and the contents of the message encoded in ACL. 
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 Behaviour level - the purpose of this level is to provide opportunities for analysis and 
assessment of local behaviour of individual agents. The agents maintain their own 
libraries of different “behaviours”, which could change depending on the environment. 
The simulation environment obtains the following information during the process of 
operation of the observed agents: behaviour identifier, class identifier whose instance 
is this behaviour, behaviour type (simple or complex) and other behaviours contained 
in the current behaviour (for complex behaviours only). At this level the simulation 
environment can visualize the following behaviour characteristics: affiliation to an 
particular agent, creation, addition, or removal, etc.  
ER has an agent-oriented architecture (Figure 24), implemented by means of JADE, which 
allows smooth integration of the middleware. ER consists of the following agents: 
 Simulation Controller (SC) - the desired configuration of the InfoStation (IS) network 
is simulated with the help of this agent. It is the central coordinator of the experiment, 
which is currently executed. This agent issues commands for the creation or removal 
of simulated InfoStations and mobile platforms, defines waiting intervals and the 
sequence of interaction between simulated mobile and IS platforms. This agent is also 
an interpreter to a specialized script language that describes the desired experiment. 
Currently we are studying the possibilities for using the Interval Temporal Logics and 
its interpreter Tempura [151] for describing the experiments. 
 SIS Handler (SH) – this agent controls a separate Simulated InfoStation (SIS) 
platform. Depending on the purpose of the experiment and on the commands received 
from the Simulation Controller, it generates different commands addressed to the 
managed SIS and received by the corresponding Spy agent. The SIS Handler takes 
care of the creation and removal of the specific SIS, by setting the relevant parameters 
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needed for the operation of the JADE platform and the desirable initialization of the 
Spy agent. 
 
 
 Spy Agent - the role of this agent is to execute the commands issued by the Simulation 
Controller agent on the SIS platform. In addition, it provides feedback to the 
simulation environment on the events that have occurred in the SIS platform. 
 SMD Handler – this agent controls the simulated mobile device in a similar way as the 
SIS Handler controls the SIS. He interprets the commands received from the 
Simulation Controller agent, processes them and submits corresponding commands to 
the simulated personal agent. The SMD Handler takes care of the creation and 
removal of the Simulated Mobile Device (SMD) platform and its desired initialization. 
 Simulated Personal Agent – this agent plays the role of a user’s personal agent; it 
simulates the user actions based on the commands it receives from the SMD Handler. 
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Figure 24: The architecture of the Experiment Runner (ER) 
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It also provides feedback by reporting on the events occurring in the simulated mobile 
device platform and on the exchanged messages. Another task of its own is to connect 
to the various SIS and to issue requests for the execution of services. 
The ER’s agents are deployed on the following platforms: 
 The Simulation Environment Manager is a JADE platform, on which the Simulation 
Controller and the Handler agents live. It serves as a central console for the control of 
experiments. Work with the environment and visualization of the processes is carried 
out through a specialized graphical user interface (GUI) used by the administrator of 
experiments. By using this interface, the administrator of the simulation is able to 
issue commands to the controller, to start and stop experiments, to monitor the current 
status of the environment and the front conditions in the form of a log file. 
 The Simulated InfoStation Platform is a JADE platform on which the unmodified 
agents of the standard middleware are located. The only addition is the presence of the 
Spy agent, which provides a feedback to the controller. The SISs provide the same 
conditions for the operation of middleware as the real InfoStations, with only one 
difference that all of them are deployed on the same computer. 
 The Simulated Mobile Device Platform is a JADE platform, on which the simulated 
personal assistant is operating.  
4.10 Summary 
The Mobile eLearning Node is presented in this chapter. The DeLC approach supports the 
development of three-layer architecture within various iterations. The software system 
architecture is distributed, where the components are deployed across the different tiers, i.e. 
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on mobile devices, InfoStations, and InfoStation Center. The Scenarios Level, the 
Middleware, and the Education Services Level are presented in more detail. A simulation 
environment for testing developed as a wrapper of the middleware is presented too. The 
Mobile eLearning Node has been fully implemented by help of the development environment 
JADE. 
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Chapter 5   
 
DeLC Education Portal  
 
Objectives: 
 To present the service-oriented architecture of the Education portal of DeLC. 
 To discus the personalization scheme implemented in the portal. 
 To present the eContent Development Environment Selbo2. 
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5.1 Introduction 
This chapter gives a detailed treatment of education portal DeLC. The architecture of this 
component is completely service-oriented and it adopts a client-server architecture. It 
interfaces with end user and the rest of the system. In the education portal, there are 
incorporated education services and system services, called engines. In the last two years, the 
portal is used in actual education at the Faculty of Mathematics and Informatics, University of 
Plovdiv. 
The DeLC Education Portal is described within 9 published papers (6 in Bulgarian) of which 
2 papers are included in the chapter. 
5.2 Personalization  
In order to support an interactive and personalized delivery of services and content, there is 
designed a uniform approach for the representation and processing of various types of 
information objects in the portal [158]. For each type of object we have established a 
classification scheme and profile type. Thus, an object can be uniquely identified according to 
its location in the classification scheme and its individual profile. A profile is presented as a 
set of ordered pairs P = {(ai , vi) | ai – attribute, vi – value}, i = 1, …, n, that is open and can be 
extended with new attributes. It is possible to specify relations between/under the different 
objects. 
The following basic types of information objects are supported in the portal: 
 Users. 
 Electronic content. 
 Services. 
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 Events. 
5.2.1 Users 
A detailed classification scheme for potential users is implemented using the capabilities of 
the portal framework LIFERAY [161]. In the classification the following types of user object 
are defined (Figure 25):  
 Users - users can be collected in multiple ways where they can be members of 
organization hierarchies, of arbitrary user groups, of communities, which draw 
together common interests, etc. They can have roles, which describe their functions in 
the system. 
 User Groups - User Groups are simple, arbitrary collections of users, created by 
administrators. They can be members of communities or roles.  
 
 
Organizations Pages Organization Roles 
Roles 
Users 
User Groups 
Communities Pages Community Roles 
Figure 25: Users’ classification scheme 
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 Roles - Roles are used to define permissions across their scope: across the portal, 
across an organization, or across a community. Users, User Groups, Communities, or 
Organizations can be members of a role. 
 Organizations - Organizations are hierarchical collections of Users. There is also a 
special type of Organization called a location, which can define where users are 
specifically located. 
 Communities - Communities are collections of Users who have a common interest. 
There are three types of Communities: Open, Restricted, and Hidden. 
Users can be collected into User Groups and Users can belong to Organizations. 
Organizations can be grouped into hierarchies. Users, Groups, and Organizations can belong 
to Communities that have a common interest. 
5.2.2 Electronic content 
In the portal, a two-level classification scheme of electronic content is supported. The first 
level specifies various types of containers for electronic content, implemented in the form of 
digital libraries. Currently, the following digital libraries are implemented: 
 Lecture Courses Digital Library – a repository for keeping of teaching material as 
lecture courses; the preferred form is SCORM electronic packages. 
 Questionnaire Digital Library – various types of questions that can be used for 
creating of electronic tests. 
 Test Digital Library – in this library, templates of electronic tests are saved. 
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 Course Projects Digital Library –packages containing description, documentation and 
results of course projects are saved in this library. 
 Diploma Theses Digital Library - packages containing description, documentation and 
results of diploma theses are saved in this library. 
In the second level, suitable formatting and structuring schemes are provided that allow a 
flexible preparation of the teaching material so that: 
 Atomic building blocks can be identified. 
 Complex structures of the content should be built under certain rules from the simpler 
ones. 
 Different types of knowledge can be explicitly presented and modeled – for example, 
the knowledge, incorporated in an education process should be presented in three 
models - domain model, pedagogical model and user model. 
One possible representation, satisfying these requirements, is the standard SCORM 2004 
[162]. The reference model of SCORM is a set of interrelated technical standards, 
specifications and guidelines developed to meet the highest requirements for learning content 
and systems governing the content. In practice, SCORM uses context-independent learning 
objects SCOs (Sharable Content Objects), which are built from simple building blocks, called 
Assets. To describe the characteristics of SCOs, we use metadata. The created training 
resources are stored in a special online store called Content Repository. The SCORM model 
includes: 
 Content Aggregation Model (CAM) - defines the components of the SCORM data 
model, how these components can be grouped in a comprehensive package and shared 
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between different systems. In this model there are multiple meta-data elements that 
provide identification, as well as storing, finding and using the information objects 
more quickly and easily.  
 Run Time Environment (RTE) - can be considered as a set of requirements for LMS to 
manage the run-time environment, in which learning resides. LMS takes care to ensure 
the proper sequence of actions performed by the student, depending on their behavior 
and the current training scenario. 
 Sequencing and Navigation (SN) - defines the methods for possible behavior through a 
sequence of discrete actions. This model is established on the IMS SS specification 
[163] based on the fundamental concepts of learning activities and learning objects. 
The model describes the sequence of actions in the learning process, depending on the 
occurred events and behavioral responses of students through a series of rules under 
which LMS transmits the initiative between training objects. 
Currently, the SCORM Engine has been integrated as an external service for the interpretation 
and visualization of the SCORM content in the education portal. The generation of this 
content is done by the Selbo 2 environment (described in 5.4.) or the Reload editor [164] (the 
Bulgarian version of this editor has been implemented in the DeLC project (Figure 26) ).  
5.2.3 Events 
A model for event management, enabling the users to see and create events and also be 
notified for them in advance, is implemented in the DeLC portal [159]. An event reflects an 
important moment for the users, such as a lecture, an examination, a test, national holiday, 
birthday, etc. One event is characterized by attributes, such as a name, start and end date and 
time, details, and information if it is a recurring one, as well as rules for its recurrence. The 
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events can be yearly, monthly and weekly recurring. The events are configurated by the 
administarator and the end users. 
 
Figure 26: Reload Editor 
5.2.4 Services 
In accordance with the service-oriented architecture, the portal’s functionality is provided as 
separate electronic services. A multi-level classification scheme of the services is proposed in 
order to improve the flexibility and the efficiency of the management. The first level is 
described in more detail in Chapter 3 of this thesis. Here, a more detailed description of the 
aspects Functionality and Target Group is given.   
According the Functionality aspect the provided services are divided into two major groups:  
 Education services. 
 System services. 
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The system services, known as Engines, are transparent for the users and their basic purpose 
is to assist in the processing of the education services. Using the information, contained in the 
meta-objects (i.e., classification schemes, profiles), they can effectively support the activation, 
execution and finalization of the education services. 
The education services are grouped as [155, 156, 160]: 
 Pre-Services - this group consists of services for the preparation, organization and 
planning of the teaching process; e.g., educational process information, curricula 
generation, curriculum schedules.  
 eLearning Services – services directly supporting the learning process; e-lectures, e-
test, e-consultation, etc. [157].  
 Post-Services – services for the recording and documentation of the teaching process; 
e.g., examination protocols, e-student books, teacher’s e-diary, e-archive.  
According to the Target Group, the education services are divided into the next categories: 
 Students’ Services – they are intended for the training and supervision of trainees. 
These include services for accessing and reading pre-prepared electronic lectures, for 
sitting for tests (mandatory or optional) in studied disciplines, for consultations with 
teachers, reviews of a student’s book, as well as some additional services not directly 
related to teaching such as an intelligent personal calendar.  
 Teachers’ Services – they are intended for the teaching staff and allow the addition of 
lectures in the digital library, creating a library of test questions, creating, reviewing 
and evaluating tests and an intelligent personal calendar.  
 Administrators’ Services – they are intended for the management, configuration and 
planning of the teaching process and for related users, rights and services. These 
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include services for the creation, activation and deactivation of users and roles, the 
addition and removal of services and rights of access, curriculum management, 
academic calendar, early warning systems and a calendar of events (eg. upcoming 
exams, sessions, and important dates). 
Currently, the services can be personalized by help of relations specified under services, users 
and events. Some examples for personalized services are personalized eTesting, personal 
calendars and schedules, personal student’ book [157, 159]. The services are defined and 
implemented to realize the functional requirements.   
5.3 Portal Architecture 
The architecture of the educational portal is service-oriented consisting of the following layers 
[152]: 
 User interface. 
 E-Services. 
 Digital libraries. 
The user interface (Figure 27) supports the connection between the users and the portal. 
Through it, the users can register in the system and create their own personalized educational 
environment. The user interface visualizes and provides access for the user to services, 
depending on their role, assigned during the registration. 
 
128 
 
 
 
Currently, the next engines are implemented in the portal (Figure 28):   
 SCORM Engine - SCORM Engine is implemented in the portal architecture for 
delivering an interpreter of the electronic content, developed in accordance with the 
SCORM 2004 standard. Currently, the SCORM Engine is an external component 
integrated in the portal. A new SCORM Engine is under development (s. Chapter 7). 
 Test Engine - The Test Engine assists in performing electronic testing using the portal. 
It processes basically the meta-objects, which describe the questions and the patterns 
of the tests.  
Figure 27: DeLC Portal Home Page 
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 Event Engine - The Event Engine supports a model for event management, enabling 
the users to see and create events and also be notified for them in advance. The events 
in the system reflect important moments for the users, such as a lecture, examination, 
test, national holiday, birthday, etc. One event is characterized by attributes, such as a 
name, start and end date and time, details, and information if it is a recurring one, as 
well as rules for its recurrence. The Event Engine supports yearly, monthly and 
weekly recurring.  
 User Profiling - The User Profiling implements the user model of the portal. The 
profiles could be classified by roles, user groups, communities, and organizations. The 
standard user profile consists of three main groups of attributes:   
o Standard attributes - necessary for user identification through username, 
password, e-mail, and others.  
o Extended attributes - addresses, phone numbers, Internet pages, IM, social 
networks contacts, and others.  
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Figure 28: Portal Architecture 
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o DeLC custom attributes - other user identifications. Thus, for example, for 
users with role student these can be faculty number, subject, faculty, and 
course.  
The portal gives an opportunity for extending the user profile with some additional attributes. 
The users' profiles contain the whole information needed for personalization of the provided 
by DeLC portal services, educational content and user interface. The profile is created 
automatically during the first user's log in, through a call to the university's database, filling in 
the standard and custom attributes. The integration with the university database and with other 
external components is supported by the Integration Engine. Extended attributes are filled by 
the user. During each next user's log-in in the portal the information in their profile is 
synchronized, as eventual updates in the university's database are automatically migrated in 
the user's profile, for example passage in the upper course or changing the subject. 
 AV Call Processor – an engine which supports the integration between the portal and 
the Agent Village Node (described in Chapter 6.).. 
The third layer contains electronic content saved in the digital libraries. The engines have a 
direct access to the libraries. The needed content can be provided to the education services 
through the engines. The digital libraries content can be navigated by help of a general 
catalogue. 
5.4 eContent Development Environment 
Creating SCORM compliant content by using specialized editors is difficult for many reasons. 
One of them is that in order to be able to produce non-trivial materials, authors must know the 
standard in more detail. In order to facilitate content creators in DeLC, an own environment, 
known as Selbo2, was developed [153, 154]. The environment allows for creating new 
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content, editing available content, as well as generating educational units out of preexisting 
standardized elements. Major advantage is that the authors work in terms of the discipline, for 
which the materials are being created. The architecture of the environment is developed so 
that adaptation for different disciplines is easily achieved.  
Selbo2 is a prototype environment which can be applied in schools, universities, distance 
learning or lifelong learning initiatives. The functionality of the environment is divided 
between three architectural layers – one client and two server layers, as shown on Figure 29. 
The first layer (the GUI) consists of client components, which provides the users with 
graphical user interface for accessing the services of the environment. The second layer 
(Middleware) consists of server (or business logic) components, which realize the 
functionality of the environment. The third layer (eLearning resources), also situated in the 
server part, represents the electronic learning content. 
The GUI layer is the visual representation of components of the environment. Content 
creators interact with the system by this layer. Three types of graphical interfaces are situated 
(editors, assistants and viewers) which provide the user with interactive tools to manipulate 
electronic content and its resources. Two types of editors are implemented in the 
environment: 
 Model (or meta-data) editors are used by content creators to edit the meta-data for the 
three models (domain, user and pedagogical). This meta-data can be objects, relations, 
rules, restrictions, etc. They are used to classify and aggregate knowledge, to navigate 
electronic content, to present user profiles and pedagogical goals, etc. 
 Content editors are used to generate and edit electronic educational resources that will 
comprise the electronic lesson. 
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Furthermore, two additional types of components are incorporated in the GUI layer: 
 Assistants are designed to help the content creator in designing the electronic lectures. 
 Viewers provide only means to visualize resources, but not to edit them. 
Examples of such viewers are viewer for predefined resources and ontology visualizer. 
Content creators are not supposed to modify the predefined resources and the ontologies, 
because they are created by specialists in the selected domain and provide well balanced set of 
reusable material and metadata description of notions, terms and concepts with explicitly 
defined semantics. SCORM previewer allows the teacher to preview the generated SCORM 
lesson. Although it can be regarded as viewer, it is outlined as separate component, because of 
its significant importance in the lesson creation process. It is invaluable tool, which enables 
the author to achieve almost WYSWYG style of work with the environment. 
The middleware layer consists of server components implementing the main functionality of 
the environment. The server components are transparent to the user. Interaction with them is 
performed only through their corresponding graphical user interface component in the client 
part of the system. Content editors are responsible for the creation and manipulation of the 
individual resources that comprise educational unit. Resource is any multimedia object that 
can be presented to the learner. Examples of such objects are text file, HTML file, and 
picture. Selbo2 recognizes some widely spread multimedia formats as resources. Content 
editors can be put in two distinct groups: 
 First group consists of editors of standard formats, which are independent of the 
domain of the educational unit, such as HTML editor, text editor, simple image editor. 
 Second group consist of specialized editors, specific to a given domain, such as UML 
editor for Software Engineering, chemical formulae editor for Chemistry, etc. 
133 
 
Currently, Selbo2 is intended for creating materials for Software Engineering. For this reason 
we are focusing on standard HTML and text editors and specialized editor for creating UML 
diagrams for Software Engineering. Important role in this architecture play editors of 
interactive content, which are used to create training materials, and most notably, tests.  
 
 
Content editors are implemented as intelligent components, i.e., as combination of GUI 
visible editor and supporting transparent intelligent agent. 
Resources are the actual pieces that form specific teaching unit. Content creator may choose 
to create these resources from scratch, or to use as a base some predefined resources. The 
authors may choose to use the built-in content editors to edit the resources, or use external 
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Figure 29: Selbo 2 Architecture 
134 
 
applications. Tests are special form of resources. They are interactive units, which provide 
feedback from the learner to the learning management system. The system uses this feedback 
information to evaluate the sequencing and navigation rules, defined in the resource 
organizer. Based on that evaluation, the LMS can choose the most suitable content for the 
learner. Tests are crucial didactical instrument for control and evaluation of learner’s 
knowledge. Content editors, and more precisely domain specific content editors, maintain the 
domain model. 
Resource organizer is a special type of editor. Instead of modifying resource, that will be used 
in the lesson, it groups separate (atomic) educational resources into structure, representing 
single educational unit. Requirements of pedagogical model are defined over this structure, as 
it stores the rules of sequencing and navigation among individual resources. In Selbo2 the 
resource organizer is presented as a content tree.  
Agents and wizards, referred to collectively as assistants, are software entities, which 
automate the creation of electronic resources. In this architecture assistants play very 
important role, because they interoperate with all of the components in the system to aid and 
ease content developer during content creation. Selbo2 uses two kinds of assistants: wizards 
and agents. Wizards are passive assistants; they are called explicitly by the user, and are not 
active during the whole process of development. Their role is mainly to initialize other 
components, so they are used in creation of new objects like educational units or different 
resources. Agents, in contrast to wizards, are constantly active assistants. They work 
autonomously, interoperating with other system components and agents. As a result of this 
interoperation and agent’s goals, they can make decisions and undertake actions, related to 
developer’s work. Selbo2 uses JADE [165] as agent platform. For this reason, Selbo’s notion 
of an agent is restricted by JADE’s implementation. For our purposes an agent is entity with 
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independent control mechanism, capable of exhibiting different behaviors, able to 
communicate with other agents and GUI components in the environment. Assistants are used 
to ease user’s (content creator’s) interaction with the environment; therefore they maintain the 
user model. 
Models govern the behavior of other components in the system. Models are not distinct 
components of the system. They are rather set of specialized knowledge of the studied 
discipline (domain model), knowledge of the used pedagogical approach (pedagogical model) 
and knowledge characterizing the individuality of the students and teachers (user model). This 
knowledge is used as guidelines in the design and subsequent operation of editors and agents. 
Transformers are used to transform the internal structure of the educational unit and its 
resources into popular standards for electronic education (and vice versa). Selbo2 is oriented 
primarily in supporting SCORM 2004 standard. The author of the electronic content can use 
existing electronic material (possibly taken from a repository) as input for the environment, or 
can create this material from scratch, using the supplied editors. The generated output 
(through the converters) is SCORM compliant package. The package contains all of the 
resources of the content, along with the rules for sequencing and navigation amongst these 
resources, which are defined in the content tree. 
SCORM engine is the backend of the SCORM previewer. It is the runtime, which parses the 
generated SCORM educational unit and interprets its content and educational sequencing and 
navigational rules. 
The data structures layer is formed by the passive elements of the system. It is the data, which 
editors use and produce. Pedagogical templates intend to ease creation of educational unit’s 
structure. Templates define initial layout of the educational unit (content tree). They contain 
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predefined pedagogical goals and complete set of SCORM sequencing and navigational rules 
for satisfying these goals. Templates are used only to define the initial layout of the content 
tree when educational unit is created and are not exported as part of the resulting SCORM 
package. The author is free to alter the sequencing and navigation rules, or not use templates 
at all. Set of templates are being developed to be included in the Selbo 2 distribution, but we 
foresee possibilities for templates to be additionally added to the system, for example to be 
downloaded from learning management system’s portal. Templates, along with Resource 
organizer, maintain the pedagogical model in the system, because they define the rules that 
the learner has to follow, in order to achieve the desired pedagogical goal. 
User profiles is collective term describing sets of data that contains the preferences of both 
content creators and students. From the content creator’s perspective the user profile contains 
its personal preferences in working with the environment. Such preferences may include 
position of editors on screen, favorite editor for specific resources, most recently used 
resources and ontologies, and main discipline domain. Agents may use this information in 
order to optimize the system to suit better the teacher’s habits of work. 
From the student’s perspective, the user profiles are set of data describing the intended users 
of the generated e-learning materials. This data may reflect students’ background in the 
subject, level of interest, learning intensity, available time, etc. Agents can use this 
information to assist and advise authors during lesson creation process. User profiles, along 
with component that interpret them, maintaing the user model in the system. 
Domain ontologies are specially created ontologies, containing definitions, terms, conceptions 
and examples, that can be used easily by content developers. Ontology is created specific to a 
given domain and contains meta-level formal description of semantic connections between its 
elements. This eases creation of intelligent agents, which can help developer by performing 
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more meaningful searches. The prototype ontology contains only textual information in the 
form of definitions from the domain of Software engineering. These definitions can be copied 
and the pasted in textual content editor. We foresee ontologies that contain not only textual, 
but binary data like images or specialized formats, which can be added directly as resources in 
the content tree. Ontology with predefined resources will be included in Selbo 2, but others 
may be added subsequently, e.g. downloaded from learning management system’s portal. 
Predefined resources, as they are domain specific in their nature, maintain the domain model. 
Predefined resources contain ready-made materials, which content developers can use in their 
educational units. These resources may be available locally, or accessed over network. They 
can have different granularity: from simple definitions to whole lecture courses, and different 
structure: from plain text files to ontologies. Examples of predefined resources include HTML 
pages with explanation of terms, image files containing visual description of a process, sound 
files with pronunciation of words in foreign language. Resources are multimedia content, 
which can be added to the electronic lesson with no (or little) need of editing. 
SCORM package is the output of the system. It is the electronic educational material that is to 
be presented to the students. It is generated by the transformers, which convert it from internal 
representation to selected output format. Currently, Selbo2 supports SCORM 2004 
compatibility. 
138 
 
Figure 30 shows the user interface of Selbo2.  Content tree editor is at the left side of the 
image, the ontology viewer is at the right side, and centered is the HTML editor, manipulating 
Advanced Distributed Learning main page [166]. At the top of the picture is the mascot of the 
environment - the elephant Agent Selbo. 
Selbo2 is implemented using Java programming language, version 6.0. It uses JADE library 
to provide agent container for the intelligent agents in the system. All of the agents are 
managed by a single container, which turns Selbo2 into multi-agent system. It uses Protégé 
ontology editor to provide means for querying and manipulating domain ontologies. Kafenio 
is used as a HTML editor library for the HTML resources. Java Plugin Framework (JPF) is 
used as a plug-in manager. Implementing intelligent components as component of the 
graphical interface of the environment coupled with specialized agent decreases the 
complexity of application development. We believe that this approach is more productive than 
other possible solutions, i.e. creating a sole “super-agent” that collaborates with all of the 
visual components or development of the agents themselves as visual editors. It also allows us 
to develop Selbo2 as multi-agent system, featuring several layers of agents, ranging from 
Figure 30: Selbo 2 user interface 
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agents handling specific editors to agents, governing pedagogical goals over the whole 
environment. 
5.5 Summary 
The Education Portal is presented in this chapter. The personalization supported in diverse 
levels is discussed. The service-oriented architecture of the Educational Portal incorporates 
the following layers: User interface, E-Services, Digital libraries. Four engines support the 
selection and the execution of the eLearning services. Teaching material is provided in 
comformity with SCORM 2004 standard. Own environment, known as Selbo2, was 
developed that allows for creating new content, editing available content, as well as 
generating educational units out of preexisting standardized elements. The Education Portal 
has been implemented in the LifeRay framework. The services have been implemented and 
integrated in the framework in form of Java portlets.  
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Chapter 6   
 
Education Cluster 
 
Objectives: 
 To present the hybrid architecture of the Education Cluster of DeLC 
 To present the reactive and proactive service provision in DeLC. 
 To present the purely agent-oriented architecture of the Agent Village node. 
 To describe four intelligent assistants operating in the Agent Village. 
 To present the Refactoring eLearning Environment incorporated in the Agent Village 
node. 
 To describe the interaction between the service-oriented education portal and agent-
oriented Agent Village. 
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6.1 Introduction 
This chapter deals with Education Cluster which integrates two nodes – Education Portal and 
Agent Village. Agent Village node has a poorly agent-oriented architecture where three 
separate agents and an agent-oriented environment are incorporated. The Agent Village forms 
a cluster together with the education portal. 
The DeLC Education Cluster is described within 4 published papers of which 2 papers are 
included in the chapter. 
6.2 Reactive and Proactive Service Provision in DeLC 
In order to provide more effective and personalized user support, we need to enhance the 
flexibility, reactivity and pro-activeness of the portal including intelligent components into the 
architecture. The pro-activity improves the usability and friendliness of the system to the 
users. Pro-activity means that the software can operate "on behalf'' of the user'' and "activate 
itself'' when it "estimates'' that its intervention is necessary. Two approaches are available:   
 Direct integration of intelligent components in the currently existing portal 
architecture.  
 Building an education cluster. 
The second approach is preferable because it match with DeLC philosophy for building of 
more complex structures.  
The education cluster, presented in this chapter, incorporates two nodes: 
 The existing portal – provides the eLearning services. 
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 Agent Village (AV) - a new agent-oriented node where the "assistants'' of the portal 
services will "live in''. 
In order to create the architecture of the education cluster three basic problems have to be 
solved: 
 The architecture of the AV node. 
 The interaction between the service-oriented portal and agent-oriented AV. 
 Intelligent assistance of the portal services. 
6.3 Agent Village Node 
 The Agent Village is developed as purely agent-oriented node with the following multi-
layered architecture (Figure 31): 
 System infrastructure - is built from two different environments (JADE and Eclipse). 
 Assistants – intelligent agents integrated in the infrastructure. Currently, two kinds of 
assistants are implemented in the node: 
­ eTesting Assistants – these agents give assistance to the electronic testing of 
students performed in the DeLC portal. The eTesting Assistants operate 
completely over the JADE platform. These assistants can be accessed only through 
the services located in the DeLC portal. 
­ Refactoring eLearning Environment (ReLE) – agent-oriented environment 
assisting eLearning in the field of software technologies. ReLE uses the support of 
both system environments – JADE and Eclipse. Furthermore, it provides a GUI to 
the students. 
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6.3.1 System Infrastructure 
JADE (Java Agent DEvelopment Framework) [171] is an open source agent-oriented platform 
compatible with FIPA (Foundation for Intelligent Physical Agents) specification [172]. The 
platform is composed of containers that manage Java processes providing the JADE run-time 
and all the services needed for hosting and executing agents [173]. The containers are 
distributed over the Agent Village node. According FIPA specification, two special agents are 
automatically supported: 
 The Agent Management System (AMS) – the agent supervises the platform. In addition 
it implements the white pages service of the platform. 
Refactoring Agent (RA) 
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 The Directory Facilitator (DF) – this agent implements a yellow pages service. 
The communication within the Agent Village is supported by a Message Transport Service 
(MTS) provided with the JADE platform.  
According the DeLC concept, the assistants have to be proactive as well. In order to achieve 
this end, we need agents with cognitive abilities, namely autonomy, proactivity and social 
ability. A widely used way of designing and implementing agents with mental states is the 
BDI model proposed in [174].  The model states generation of agent’s action supported by 
mental attitudes as beliefs, desires and intentions. In [175] the BDI architecture is presented. 
In the last years, various agent platforms were proposed that implement the BDI architecture. 
The platforms JACK [176], Jason [177] and Jadex [178] are based on the Java language. 
Unfortunately, the standard JADE platform doesn’t support a direct implementation of the 
BDI architecture. Due to this limitation of JADE, in the last year a BDI layer on top of JADE, 
known as BDI4JADE, was implemented [179, 180]. Recently, the system infrastructure of 
Agent Village is extended with the BDI4JADE library. 
Eclipse [181] is a multi-language software development environment consisting of an 
Integrated development Environment (IDE) and an extensible plug-in module. Eclipse is free 
and open source software. In the system infrastructure of the Agent Village a development 
environment including the Eclipse JDT (Java Development Toolkit) for Java is integrated. 
6.3.2 eTesting Assistants 
Currently, four assistant are developing which “inhabit” the Agent Village [167, 169]: 
 Evaluator Assistant (EA) - provides expert assistance to the teacher in assessment of 
the electronic tests. In the Test Engine, a system service is built for automated 
assessment of “choice like” questions. In the portal, questions of the “free text” type 
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are assessed by the examiner and the ratings are entered manually in the service to 
prepare the final assessment of the test. In the education cluster, however, the Test 
Engine calls the assistant (an intelligent agent), which makes an “external” assessment 
of the “free text” type questions. 
 FraudDetector – tries to recognize any attempts to cheat in the answers given by the 
students. Such attempts would be to guess the keywords or copy/paste results from 
Internet search engines. This assistant cooperates with the Evaluator agent and if its 
receptors detect a probability of a cheating attempt, it informs the Evaluator agent, 
which for its part send forward a warning message to the examiner. 
 Statistician - stores information about all processed answers with a full history of the 
details from all calculating methods used by the Evaluator agent. This assistant needs 
a feedback how many points are finally given by the teacher for each answer. Thus, it 
accumulates a knowledge base for each teacher and is able to decide which of the 
methods best suits the assessment style of the particular teacher. Upon returning the 
results of the Evaluator assistant, the agent determines which results from each method 
will be presented as main result, and the results of the other methods will be presented 
as an alternative. Another feature of this agent is to generate actual statistics on the 
performance of each of the calculating methods, as the “weakest” of them will go out 
of service until new and better performing methods are added to the Evaluator agent.  
6.3.3 Refactoring eLearning Environment  
An eLearning environment for assisting the acquisition of the special technique of refactoring, 
called Refactoring eLearning Environment (ReLE), is an integral part of the Agent Village 
node [168, 170]. Although the refactoring process could be realized by hand, the possibility of 
applying automatic tools is of great importance.  
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The ReLE architecture consists of two components (Figure 32): 
 Front-end (FE) – the environment, which is used by the students for the development, 
compilation and testing of the source code. 
 Back-end (BE) – the Refactoring Agent (RA), which is an intelligent agent assisting 
the students during the code development. 
The Refactoring Agent is an autonomous software application that continuously analyses and 
assesses the code that is developed in FE. Consequently, from the RA point of view, FE is its 
environment. The Refactoring Agent communicates with its environment by means of its 
sensors and effectors. Via the sensors the RA accesses the complete source code. This implies 
not only the files being edited, but also the completed ones that have not been opened in the 
FE for editing. In this way the agent could make a profound analysis and give an adequate 
assessment for the required changes on the basis of all the code rather than the part that is 
currently being modified. The sensors also provide some basic metric information to the 
agent, which is used for initial filtering of the possible refactoring methods that can be further 
evaluated. The possible metrics are LOC (Line of Code) per class/method, number of 
methods/attributes per class, and so on. The role of the effectors is to trigger different events 
that assist the students during the accomplishment of their tasks in FE, where they are 
working. Such events could be: 
 Underlying particular parts of the code by highlighting them with an appropriate 
colour. 
 Displaying messages in dialog windows, balloon messages, etc. 
 Emitting sound-signals, vocal messages. 
 “Incarnating” the agent in the form of animation to exalt the effect.  
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The collaboration of the sensors and effectors is coordinated by the Local Control of the 
agent, which is based both on the information, incoming from the sensors, and the refactoring 
rules, stored in the Refactoring Knowledge Base (RKB) of the agent. The analysis of the 
IDE 
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source code, written by the students in FE, is made by the RAnalyzer. Before the RAnalyzer 
starts its work, the RParser parses the source code and creates a tree structure from it. This 
tree structure can be analysed by the RAnalyzer. The RKB consists of a set of rules together 
with a set of classes, which build a consistent knowledge base. Each rule describes in a 
common form the conditions, which allow a particular refactoring method to enter the “short 
list”, based upon some metrics. In this way, the rules are used by the RAnalyzer in order to 
make the initial filtering of the refactoring methods, which should be evaluated at the next 
step. 
The kernel of ReLE is an intelligent agent assisting the students in the process of refactoring. 
Its main task consists in checking the code, which is being developed by the students in FE, 
and appropriately displaying instructions for improving its quality, whenever necessary.  
Depending on the refactoring method, which should be applied, the agent could react in three 
different ways: 
 Automatic Refactoring - to apply the method automatically after receiving a 
confirmation from the user. 
 Refactoring Proposal - to display detailed instructions, explaining to the user where 
and how the particular refactoring method should be applied. 
 Refactoring Questionnaire - to ask the user additional questions in order to clarify the 
conditions and define the appropriate refactoring method. 
6.4 Nodes Interaction in the Education Cluster 
Agent Village node is implemented as an agent-oriented server, by help of JADE 
environment. The connection between the educational portal and the AV node is made 
through the middle layer of the portal architecture, where the electronic services are located. 
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Depending on the direction of the asked assistance we distinguish reactive and proactive 
behaviour of the architecture [184, 185]. 
In the reactive behaviour, the interaction between the two nodes is initiated by the portal. This 
is necessary in the cases when a user request is processed and a service needs an "expert'' 
assistance. The problem is that, in their nature, the services are passive and static software 
modules, intended mainly for the convenient realization and integration of some business 
functionality. Therefore, they must "transfer'' the responsibility for the activation and support 
of the connection to an active component of the architecture, as agents do. To do this, a 
specialised engine, known as AVCallProcessor, is developed in the portal. AVCallprocessor 
implements an interaction protocol (Figure 33) that could be described briefly as follows: 
 The central point is that the assistants’ environment in Agent Village is considered as 
an active component. 
 In the case of reactive behaviour, the environment “masks” itself as a service – in this 
way, it can be identified by the AVCallprocessor (AVCallprocessor is a service; it 
can’t directly identify the agents located in the AV node). 
 AVCallprocessor sends a request to the agent's environment. 
 The environment (as an active component) transforms the request into an ACL-
message. 
 The generated ACL-message is forwarded to the needed assistant. 
The reactive behaviour of the architecture could be implemented using:   
 Synchronous model - this model is analogous to calling subroutines in programming 
languages. In this model the service sends a message to AV and waits for the result 
from the corresponding agent before continuing its execution.  
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 Asynchronous model - in the asynchronous model the interaction is accomplished 
through some kind of a mechanism for sending and receiving messages. Currently, 
this model is implemented in the education cluster.  
 
 
In the proactive behaviour (agents work "on behalf of the user''; in this case the user is 
represented by the portal services), an agent from the AV can determine that in its 
environment "something is happening'' that would be interesting to the services that are 
assisted by that agent. The agent activates and it can perform certain actions to satisfy the 
preferences (wishes) of the services. The agent can inform the services (and through the 
educational portal the user) for its activity. 
The difficulties, associated with the management of the pro-activity of our architecture, result 
from the fact that the portal is designed for reaction of the user's requests. Therefore, the pro-
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activity can be managed only asynchronously where the assistants’ environment (in Agent 
Village node) initiates the interaction with the AVCallProcessor (in the education portal) 
implementing (in opposite direction) the protocol described above. In the proactive behaviour 
AVCallProcessor operates as a "mailbox'' that is periodically checked for incoming messages 
from the Agent Village node. 
6.5 Summary 
The Education Cluster is presented in this chapter. Summarizing the chapter, it is important to 
stress that according to the education cluster architecture, the reactivity and the pro-activity 
are possible only if the environment of the agents (Agent Village) remains not more passive. 
In order to be identified, the agents need a wrapper (the environment), which "masks'' them as 
a web service [182] to the portal. In such a way, the portal send the request to this service 
(masked environment), which in its turn transform the request into an ACL message, 
understandable for the agents. In a similar manner the active environment transform ACL 
messages into SOAP responses [183] which can be process from the portal services. 
Currently, three eTesting Assistants and the Refactoring eLearning Environment (ReLE) have 
been implemented and integrated in the Agent Village. 
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Chapter 7   
 
Conclusion and Future Work 
 
Objectives: 
 Summarise the work in this thesis 
 Give a comparative study with other systems 
 Give the future work that follows from this thesis 
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This chapter concludes the thesis by recapitulation of our underlying vision for this work, 
summarising of the significance of major results and providing an overview of directions for 
future work. 
7.1 Research Summary 
This thesis proposed solutions to some shortcomings to current eLearning architectures, as 
observed in Chapter 2. The work could be summarised as follows: 
 An overview of the DeLC architecture, which supports context-aware and adaptable 
provision of eLearning services and electronic content (Chapter 3). The architecture is 
fully distributed and integrates service-oriented development with agent technology. 
Central to this architecture is that a node is our unit of computation (known as E-
Learning node) which can have a purely service-oriented architecture, agent 
architecture or a mixed architecture. In the following chapters, the architectures of the 
particular eLearning nodes are described. 
 The concept of Mobile eLearning Node is introduced in Chapter 4. The node uses a 
three-level communication network, called InfoStations network, supporting mobile 
service provision. The services, displayed on this node, are to be aware of its context, 
gather required learning material and adapted to the learner request. This is supported 
by a multi-layered hybrid (service- and agent-oriented) architecture whose kernel is a 
middleware. For testing of the middleware a simulation environment has been 
developed. In addition, the DeLC development approach is proposed. 
 Currently, DeLC comprises a second eLearning node implemented as Education 
Portal (Chapter 5). The architecture of this node is completely service-oriented and it 
adopts a client-server architecture. In the Education Portal, there are incorporated 
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education services and system services, called engines. The electronic content is kept 
in Digital Libraries. Besides, in order to facilitate content creators in DeLC, the 
environment Selbo2, was developed. The environment allows for creating new 
content, editing available content, as well as generating educational units out of 
preexisting standardized elements. In the last two years, the portal is used in actual 
education at the Faculty of Mathematics and Informatics, University of Plovdiv. 
 The third eLearning node (known as Agent Village), presented in this thesis, exhibits 
a purely agent-oriented architecture. The purpose of this node is to provide intelligent 
assistance to the services deployed on the Education Portal. Currently, two kinds of 
assistants are implemented in the node - eTesting Assistants and Refactoring 
eLearning Environment (ReLE). 
 In order to demonstrate the capability of DeLC, a more complex architecture has been 
developed (known as Education Cluster) and presented in this thesis (Chapter 6). The 
Education Cluster incorporates two eLearning nodes, namely the Education Portal 
and the Agent Village. eLearning services and intelligent agents interact in the cluster.  
7.2 Related Work  
There is a huge amount of starting points that could be investigated in order to improve the 
current eLearning systems. Recently, ubiquitous and pervasive perspectives of eLearning are 
delighted at big research interest. Context-awareness and adaptability are often in the focus of 
ubiquitous and pervasive education scenarios. Towards these scenarios, some basic aspects of 
the solution of the main research question, proposed in this thesis, could be evaluated 
comparing with systems presented in the specialized literature. Because of big variety of 
aspects that could be paid attention to, the examination is focused on architectural point of 
view. 
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Articulated arguments about paradigm shifting towards combining of service-oriented and agent-
based systems and architectures can be found in [204]. In the last years, this kind of architectures 
is in focus of intensive research; in the field of eLearning as well.  GlobalEdu is a ubiquitous 
environment  that expands the ISAM architecture to eLearning applications [196]. The ISAM 
project [195] considers that “the computer” is the whole network. GlobalEdu is composed by 
two kinds of components, namely a Pedagogical Agent and Educational Services (ES) and 
Support Services (SS). ES supports educational process in the ubiquitous environment where 
they implement the management of profiles, content and context. SS assists the ES. 
Furthermore, a context-awareness model has been supported by the architecture [197]. The 
context management supports personal context, social context and organizational context 
according the classification given in [192]. The services can be accessed only through the 
Pedagogical Agent.  The FX-Agents project [199] aims to develop new technologies based 
upon the combination of Web services and techniques from artificial intelligence, especially 
software agents. The following four primary functions were indicated that need to be 
automated in building a network of service agents: discovery, service integration, process 
integration, process control.  According the FX-Agents approach, a deployed and discovery 
technology is proposed based on Business Server Directory (BSD). BSD provide distributed 
search using logic as “glue” and can be used as a Web service browser [200]. ARISTOTLE 
architecture [201] uses wireless technologies to support ubiquitous, remote asynchronous 
mLearning and cooperation among students, faculty, and staff. The services provided in this 
architecture rely only on users’ devices, making the platform usable even when no other 
equipment is available.  Architecture for an enhanced eLearning system developed within the 
AdeLE project is presented in [202]. The server component of the architecture is divided into 
three subsystems: a learning management subsystem, an adaptation subsystem, and a user 
modeling subsystem. For the purpose of developing a platform-independent and flexible 
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eLearning system, the design of these subsystems follows a pure service-oriented approach. In 
[203], system architecture combines synchronous, asynchronous and collaborative services 
into an integrated platform for meeting the needs of vocational Web-based training. Intelligent 
agents assist the users only during the synchronous sessions. The OERD is an open platform 
three-layered architecture that integrates users and learning resources via a communication 
and management services [194]. The architecture supports: distributed electronic content; 
exchangeable educational materials such as ebooks, recoded lectures, presentations, lecture 
notes, case studies, and quizzes, etc.; personalization in a distributed environment; integration 
of services to provide personalized access to resources in an e-learning network; transparent 
integration of heterogeneous resource repositories. In [193], a system, called CLUE, is 
described that consists of the three subsystems for supporting ubiquitous language learning.  
Provision of multimedia electronic content from digital libraries would increase immensely 
the effectiveness of eLearning systems. Digital libraries are an important source for the 
provision teaching material [186]. However, digital libraries and their standards are 
developing independently on eLearning applications and their standards and in this way an 
integration effort is needed. An integrated architecture, known as ASIDE, supporting 
interoperability between digital libraries and eLearning systems is proposed in [187]. ASIDE, 
built on the top of digital libraries, supports a service-oriented approach for dealing with 
reusable learning objects conformed to the IMS Digital Repositories Interoperability 
Specification [188]. An important component of the architecture is the middleware 
responsible for the assembly of personalized learning experiences. 
In comparison with the investigated solutions the DeLC allows the following benefits to be 
derived for implementation of eLearning applications: 
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 Our solution provides a loosely coupled hybrid architecture that give more freedom to 
build various configurations of the eLearning nodes. There is possible to implement 
nodes with “pure” architectures (agent-oriented or service-oriented) or with “mixed” 
architectures (agent- and service- oriented or service- and agent-oriented). 
 Context-awareness and adaptation could be made on architectural level. In our 
architecture, context-aware agents are supported that are responsible for discovering of 
changes in the environment and generating of new agents in order to adapt the 
architecture to identified changes.  
 The context has been considered and presented in various levels. At the middleware 
level, the context-awareness is closed related to the four basic scenarios while the 
domain model, pedagogical model and student model build the context for the 
provision of educational services. Furthermore, the features of various mobile user 
devices are presented as profiles according CC/PP specification [144].   
 The agents’ environment doesn’t remain passive yet. Service-agent interaction 
benefits from active behavior of the environment in the Education Cluster.  
 The propose architecture stimulate usage of more flexible models for implementation 
of educational services, such as presented in [141]. 
 The services in the Education Portal access and use electronic content saved in digital 
libraries. 
7.3 Evaluation 
Evaluation of the portal 
The eLearning environment DeLC was designed and implemented in the period 2009 - 2011.  
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Its first run/deployment was in masters’ program in software engineering at the Faculty of 
Mathematics and Informatics of the University in Plovdiv in the academic year 2010/2011. 56 
students used it for downloading teaching material, preparing home works, registration and 
planning of consultations and meetings with the staff. The exams in all subjects were 
conducted by the help of the environment.  
The second run/deployment of the environment was in the academic year 2011/2012. 81 
students in the MSc program and about 400 students in the BSc programs in Informatics and 
Information technologies used the environment. The exams in all subjects in the MSc 
program were conducted by DeLC. In the BSc program the exams in the following subjects 
were conducted by the environment: Programming in Java, Introduction in Software 
Engineering, Introduction in Data Bases, Artificial Intelligence and English for Informatics. 
DeLC is deployed on a server located in the Faculty of Mathematics and Informatics. The 
students can interact with the system through PCs or mobile devices (e.g. laptops). To work 
with the system the students need passwords. The portal communicates with the university 
information system (located on a separate server) to verify the identity of the student and if 
authentication is successful then a unique password has been generated which can be used for 
the work with the portal. 
The tests, generated by the system during exams, are individual for each student. Finished 
tests are marked automatically. Furthermore, the system generates exam reports and write the 
marks in electronic student books. 
About 3000 tests are solved with the portal in the 2011/2012 academic year. 93% of the tests 
were completed successfully. The failures are identified in 6% of the remaining tests. The 
failure isn’t identified only in 1 % of the cases yet.  This compares favourably to the 
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traditional methods as it has gained as more efficiency and redaction of staff loading by 
average of 80 %. The manual creation of 3000 individual tests will be massive task on the 
staff concerned, in addition to it being error prone. The reason for 1 % failures of the system 
to automatically generate tests have not be identified. In the forthcoming version of the 
system this issue will be resolved.       
In the University of Plovdiv, the completion of MSc program is possible in two ways: state 
examination and thesis which is the preferred way. Before using the environment only half of 
students were able to develop theses due to lack of time. Last year using the environment, 
90% of the students completed theses.   
Due to flexibility of the DeLC architecture: 
 Resources (e.g. time, teaching rooms) can be utilized effectively – for example 
examinations in different subjects can held at the same time.    
 The reusability of the teaching material is increased. 
 The overload of the staff is the same, but staff is more flexible and in this way we 
don’t need any more staff.   
 The staff is exempt from various routines and can deal with more creative activities.     
Evaluation of the cluster 
The education cluster is deployed on an agent-oriented server to provide educational services 
such as teaching material providing, e-testing and so on. The cluster was deployed in 
academic year 2011/2012. A detailed evaluation of the cluster is fully given in [169], [186] 
and [191]. 
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7.4 Future Directions 
The architecture for context-aware and adaptable provision of educational services and 
electronic content as presented in this thesis could be improved in all three eLearning 
applications: the Mobile eLearning Node, the Education Portal and the Education Cluster. 
According to the DeLC approach, in the mobile eLearning node, we would like to continue 
with the implementing the next two scenario-level-to-middleware-level iterations, namely 
‘Scenario-based Management’ and ‘Adaptation’. In order to support a complete scenario-
based management, the middleware has to be enhanced with new agents that are able to 
identify and locate distributed and time-depended events (e.g., entering/leaving the scope of 
an InfoStation, changing the user devices). Analysing the identified events, the scenario-based 
management has to commit the current scenario execution or to initiate a scenario change.      
Thus we are going to develop a formal model which can be supported by jTempura which is 
implemented in Java during a reengineering process of Tempura.  
The ‘Adaptation’ iteration is concerned with problems related to strengthening the 
architecture to support adaptability. The existing architecture will be extended with intelligent 
components providing three models that influence the learning process: the user model, the 
domain model, and the pedagogical model. We are going to implement these models using 
agent-oriented approach. In this way, the adaptation potential of the architecture could be 
enhanced because of being active components (implemented as agents) each model decides 
for the launching of some adaptation activities own. Furthermore, the interaction among the 
models and the integration in the middleware or in the Agent City should be facilitated.  
The domain model has been implemented in accordance with the SCORM 2004 standard. 
Currently, the SCORM Engine is an external component integrated in the Education Portal. A 
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new SCORM Engine with agent-oriented architecture is under development. The educational 
material would be provided in form of Intelligent Books (IntelBos) that should be interactive, 
proactive and adaptable knowledge repositories. Furthermore, they should deliver the 
teaching content in a personalized manner; e.g., for each student an IntelBo would create and 
monitor a personal curriculum in collaboration with pedagogical assistant and with student 
model assistant.  
The pedagogical model will incorporate various pedagogical assistants implemented as 
intelligent agents. The pedagogical assistants, analyzing the current situation, could generate a 
pedagogical goal that would be suggested to a suitable IntelBo in order to plan the next 
education session. Thus, a pedagogical-goal-driven education could be managed. 
SCORM was proposed as a standard for packaging, delivering and sequencing of sharable 
learning objects. SCORM doesn’t address some important eLearning needs such as 
assessments, content authorization, collaborative forums, outcomes reporting, and 
accessibility [205]. In the last years, new standards have been proposed as an extension of 
SCORM providing more flexibility; e.g., Common Cartridge (CC) [206], Learning Tools 
Interoperability [207], and Learning Information Services [208]. For this reason a Test Engine 
was implemented in the Education Portal. We have the intention of developing a new version 
of the TestEngine that will operate as framework supporting a CC compatible questionary as 
plug-ins. 
The next future direction is the New GUI of Selbo 2. Currently, the functionality of the 
environment is divided between three architectural layers: one client and two server layers. 
Selbo2 supports a plug-in style of extension with new components. In order to improve the 
user friendliness the client layer will be replaced by various plug-ins which are under 
construction. 
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A significant future work, related to the refinement of the Mobile eLearning node, is 
formalization of the middleware architecture. Some preliminary work has been done in order 
to specify the InfoStation-based middleware as an ambient system [189, 190, 191, 198]. 
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Abstract: This paper describes an OMG’s MDA-based 
approach for the development of a service-oriented and 
agent-based middleware architecture supporting flexible and 
adaptable, scenario-based and context-aware provision of mobile 
e-Learning services within InfoStation wireless environments. 
Considering the system development as a process of iterations, 
the approach provides an extensive ability to examine different 
development aspects and extend the system architecture step by 
step. The first two iterations, namely the base middleware 
architecture and the scenario-based management, are described 
in detail. A simulation environment used for testing the 
architecture is also presented.   
 
Keywords: m-Learning, adaptable software architecture, 
MDA-based approach, intelligent agents, mobile access, InfoStation 
environment.  
 
I. Introduction 
A distinguishable feature of contemporary mobile e-Learning 
(m-Learning) systems is the anywhere-anytime-anyhow aspect 
of delivery of electronic content, which is personalized and 
customized to suit a particular mobile user [1], [2]. In the light 
of this, our goal is to develop a software architecture which is 
able to support m-Learning services delivered within a 
University campus. The environment uses an 
InfoStation-based communication environment with 
distributed control. The InfoStation paradigm is an extension 
of the wireless Internet, where mobile clients interact directly 
with Web service providers (i.e. InfoStations). The users 
request services (by using their mobile devices) from the 
nearest InfoStation via available Bluetooth (IEEE 802.15 
WPAN), WiFi (IEEE 802.11 WLAN), or WiMAX (IEEE 
802.16 WMAN) connections. In our approach, each 
application utilizing the InfoStation infrastructure consists of 
two components: (i) standardized middleware, which 
identifies and locates the changes in the environment in order 
to prepare the adequate delivery of requested services; and (ii) 
a set of electronic services (in our case e-Learning services), 
which are adapted and controlled by this middleware. 
In the original InfoStation architecture [3], the InfoStations 
operate as mediators between the user mobile devices and an 
InfoStation Center, on which a variety of electronic services 
are deployed and executed. However in our architecture, the 
InfoStations are not only mediators but primarily 
service-providing nodes. The implementation of such 
architecture raises serious challenges. The main one among 
these is related to the support of distributed control, which to 
be able to detect changes in the environment 
(context-awareness) and according to these changes to offer 
the requested services in more flexible and efficient way 
(adaptability).  
In the past few years different context-aware systems for 
different purposes were presented in the literature. An 
architecture similar to our own architecture is presented in [4]. 
This context-aware architecture is composed of clients 
(moving nodes), context-server and middleware (fixed nodes 
connected through TCP/IP to the context-server). The 
middleware plays important role both in identifying the clients 
using the Bluetooth technology and in finding a suitable 
executable module in accordance with the context acquired 
from the context-server. Another architecture described in [5] 
uses a Context Engine for context-aware delivery of Web 
services by utilizing a rule-based approach based on first-order 
logic for the centralized processing of context. In [6], a context 
broker architecture based on ontology for context 
representation is presented. A context-aware service provider 
analog to a telephone provider is given in [7]. More common 
context-aware architectures are presented in [8], [9]. The 
context in these architectures is stored and processed in a 
centralized way whereby the middleware is used mainly as a 
mediator.  
